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PREFACE " 


The present translation with notes, is now published as Part I 
of a complete edition of the Khandakhddyaku. It is hoped that in 
due course Part II of the edition containing the Sanskrit text with 
Prthüdaka's commentary will also be published. No pains will be 
spared to reconstruct fully the Uttara Khandakhddyaka or the 
supplementary part of the work of which the contents have been 
fully detailed in the Introduction. 


The publication is done under the auspices of the Research Fund 
in Indian Mathematics and Astronomy created by the late lamented 
Maharaja Sir Manindrachandra Nandi, K.C.LE., of Cossimbazar. 
The translator offers his tribute of respect to his memory. 


I have to express my sincere thanks to Mr. A. C. Ghatak, M.A., 
Superintendent of the Calcutta University Press, and his staff for the 
great care they have taken in the printing of this work. 


CALCUTTA : 
October, 1933. P. C. SENGUPTA. 
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INTRODUCTION 


"Brabmagupta holds a remarkable place in the history of Eastern civilisation. 
It was be who taught the Arabs astronomy before they became acquainted with 
Ptolemy; for the famous Sindhind of Arabian literature, frequently mentioned but 
not yet brought to light, is a translation of his Brahmasiddhdnta; and the only 
other book on Tadian astronomy, called Alerkand, which they knew, waa » translation 


of his Khandakhüdyaka.'' 
Dr. E. C. Sachau, Alber&ni's India, Vol. II, p. 304. 

In a paper ‘‘Aryabhata the Father of Indian Epicyclic Astro- 
nomy,''* it has been established that the scientific Hindu Astronomy 
was created by Aryabhata I (476 A.D.). He was the teacher of two 
distinct systems of astronomy one of which is called the audayika 
system, and the other the drdhardtrika system. In the first the 
astronomical day is taken to begin at sunrise at Lañkāī and in 
the other the same begins at the midnight of the same place. In the 
Khandakhádwaka Brahmagupta gives compendious rules for the cal- 
culation of longitudes, etc., of ‘planets,’ according to the drdhardtrika 
system of Aryabhata I.! It was this system that was used by 
Varühamihira when he gave the epicyclic cast to the Süryasiddhünta 
in his Paficasiddhüntikà. For this the reader is referred to the present 
translator's papers ‘‘Aryabhata’s Lost Work’’! and '' Aryabhata the 
Father of Indian Epicyclic Astronomy '' already mentioned. 

The question why Brahmagupta who was so bitter an opponent 
of Aryabhata in his younger days (628 A.D.) climbed down to 
describe and teach one of the systems of Aryabhata’s astronomy in 
his sixty-seventh year (665 A.D.), cannot yet be properly answered. 
So great was Aryabhnta's fome that in spite of Brahmagupta's severe 
criticisms of the former in Chapter XI of his Brühma-sphuta- 
siddhanta, it perhaps was undiminished and it was Aryabhata 
who continued to be universally followed. Perhaps to meet this 
popular demand Brahmagupta in the Khandakhádyka took upon 
himself the task of simplifying Aryabhata's drdhardtrika system and 
from the present translation it will appear that in this work he was 

* Journal of the Department of Letters, Calcutta University, Vol. XVIII. 


} Khasdakhüdyaka, Translation, T stanzas 1, 2 and 7. 
2 Bulletin, Calcutta Mathematical Society, Vol. XXII, Nos. 2 and 3. 
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eminently successful. But Brahmagupta could not be a mero 
simplifier or expounder. 

The work XKhandakhádyaka had two distinct parts, vis., the 
Khandakhüdyaka proper and the Uttara Khandakhüdyaka, In the 
first part the astronomical constants are the samo as those of 
Aryabhata’s drdhardtrika system, but the methods of spherical 
astronomy, calculations of eclipses and other topics are almost the 
same as in the Bráhmasphuta-siddhünta. The correction for parallax 
in calculating a solar eclipse is here an important illustration.* In 
the Uttara Khandakhádyaka, Brahmagupta gives corrections to the 
Khandakhádyaka proper. In it are to be found the neat and original 
methods of interpolation and correction to the longitudes of the 
aphelia, as also to the dimensions to the epicycles of apsis of the sun 
and the moon,! while a few additional chapters supply what else is 
necessary to the seven chapters of the first part, to make the whole 
a complete treatise on Hindu scientific astronomy. Later on will 
be detailed the additional matters treated of in this Uttara portion. 
It was perhaps through the influence of this supplementary 
part of the Khandakhddyaka, that Brahmagupta’s great work, 
the Brahmasphuta-Siddhdnta, came to be valued among a distinct 
school of Indian astronomers ; even now this Siddhdnta of Brahma- 
gupta forms the basis for the calculation of almanacs by astronomers 
of the orthodox school in Rajputana, Bombay and other places. 


Was Aryabhata the author of two distinct systems of astronomy ? 
This question has already been answered in the affirmative but 
I trust, though I have troated of this question in my papers already 
mentioned, it would perhaps be not out of place to restate in detail - 
the reasons for this bypothesis. In his Bráühmasphuta-siddhàünta 
Brahmagupta thus speaks of the two works of Aryabhata :— 
grimar, eufufea aq uw awity a eq) 
oaar erem apum Sa n 
Bréhmasphutasiddhdnta, XL, 5. 
= “As in both the works the number of the sun's revolutions is 
spoken of as 4,820,000 years, their planatary cycle is clear, i.c., of 


4,320,000 years. Why then is there a difference of 300 civil days 
in the same cycle of the two books? '" 


* "Translation, Chapter: V, Brahma- sephute-sidthante, XT, 23-25, 
t Translation, Chapter TX. 


- 
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Again in stanza 13 of the same chapter ho saya, 
fu $8: wiuqfistewd uaa afutn: i 
gagi arosa frange erret: à 
"In 14,400 years elapsed of the Mahdyuga, there is produced a 
difference of one day in the audayika and drdharatrika syatems."* 
Varühamihira in his Paficasiddhantika, XV, 20, writes— 


ore mani fawgfe mE WIDE | 
wu.cw wa weileunp wee TATR di 
Thibaut translates it thus :— 

“‘Aryabhata maintains that the beginning of the day is to be 
reckoned from «midnight at Lanki; and the same teacher again 
says that the day begins from sunrise at Laübkia.'" 

Thus from the writings of Brahmagupta and Varaihamihira, i$ 
is clear that Aryabhata I was the author of both the audayika and 
drdhardtrika systems of astronomy. In Varühamibhira's stanza the 
phrase gw va (=he undoubtedly) is of special significance. It removes 
the least doubt as to Aryabhata's authorship of both these systems. 
These audayika and drdhardtrika astronomical constants are respect- 
ively to be found from the Aryabhatiya and may be deduced from 
the Khandakhddyaka, The following is the comparative view of 
the constants of the two systems along with those of the Sirya- 
siddhünta of Varühamihira and of the modern Süryyasiddhàánta, 

(1) Planetary Revolutions in a Mahdyuge of 4,120,000 Years, 


Accordi According to 
— to | Saryasiddhanta | 
ryabhafiya. khadyaka. of Varüha. Siryasiddhante. 


57763336 57753336 


57753336 67753836 

4320000 4320000 4320000 
2296824 
364220 


485219 
7029388 
17937000 
232226 


sa e 
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(2) 
According to 


Khanda- 
khüdyaka. 


According to 
Sürgastddhàánta 
of Varüha. 


According to 
Aryabhatiye. 


Jupiter 
Saturn 


(3) Dimensions of the Epicycles of Apris. 


According to 
Khanda- 
khádyaka, 


According to 
Sürgasiddhünta 
of Varáha. 


According to 
Aryebhatiya. 


13*30' 
31*30' 
29)" to 313" 

9* to 18" 
63* to 81° 
514" to 353^ 
40)" to 583” 


(4) 












According to 
Aryabhatiya- Khanda- 
Of Saturn 363° to 40" 
» Jupiter 674° to 72” 
» Mars 2294" to 239]* 234" 
» Venus 2563" to 265)" o60* 
» Mercury | 130]* to 1994" 


Longstudes of the Apogees of the Orbita of Planets, 


According to tbe 
Modern 
Süryasiddhünta. 


132417 


 ete., have to be 


caleulated from 
the data giver 
in tbe text. 





According to the 
odern 

Siiryasiddhanta. 
134" to 14° 
313" to 32° 
28" to 30° 
11* to 12° 
72° to 76° 
32* to 33" 
45° to 40° 





70° to 72° 
292° to 235° 

260° to 262° - 
192° to 183° 
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(5) Longitudes of the Nodes of the Orbita of Planeta. 


According to Accord to | According to the 
0; to Khanda- Süryasiddhánta Modern 
a AS khadyaka. of Varibs. | Süryasiddhánta. 





—À — — — — — — — 





OF Saturn 40" 40° Not stated in | Have to be 
the text. la 


2s Jupiter 20° 20" — aes 
» Mars 60" 80" 
a Venus 60° 60° 
» Mercury 100" 100* 


(6) Orbital Inclinations (Geocentric) to the Ecliptic. 








espe | ^griot | aaae, Amis te 
Aryabhatiya. | 
| khádyaka. of Var&bha. Sürygassddhánta. 
| J | | 
Of Mars 90° 9o uy 90 
»» Mercury 120° 120° 135° 120" 
» Jupiter 60" 60" 101* or 
» Venus 127 120’ 101* 12y 
» Saturn 120° 120’ 135 100 
(7) Number | 1577917500 1577917800 | 1577917800 | 1577017525 
of civil days in | 
n Me ege or 
4,320,000 years. 
(8) in- Sunrise at MEA at Midnight at — ab 
ning of the as Latka. Lanka. Laika. Laika. 
tronomical day 





Dr. Bibhutibhushan Datta, late of the Calcutta University College 
of Science, has obtained copies of the Madras Government manu- 
scripts of the Mahdbhdskariya and the Laghubhüskariya, two astro- 
nomical works describing Aryabhata’s astronomy, composed evidently 


» by one Bhüskara. The former of these books contains a passage 
which corroborates the fact that Aryabhata I was the author of both 
the audayika and the drdhardtrika systems of astronomy. This 
Bhiskara whom we should designate as Bhiskara I, was probably a 
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direct pupil of Aryabhata I, as we learn from Prthüdakasvümi's 
statement — 


"wrescrérarg d wag 59 aaefa” 
Prthüdaka's Comm. on B. 8, Siddhdnta, XI, 26. 


' Such a mistake may have been made by Bhiskara and others; 
they have not understood his (Aryabhata's) intention."' 


The passage in the Mahübhüskariya, giving the constants of the 

ardhardtrika system runs as follows:— 
few: wiret dha serite) fate: i 
wave seit a) faite; ow wart gta 
fast fea Sar wee fimwrw | 
maias fumfew wem: ween" 
“fe: Sager ré] aat eal và | 
urere sra: ur wR 321 
afeafermmafegzacgiw famed]: i 
sere vr weet wd: wate: axo 
few fern azi füsrfert rfi: wary i 
caw gaya fian wem aui 
sarm erfiureuwra: afeta wi 
Grea! WETS: SAKA HATA 40 
uza: mrmi uendere | 
mizi apex MAT Wc RO 
qafi aitaa fandtars | 
qrramara fea ar: afern: qfief: i eon 
sp Sal ware geal: | 
aai q Sarat qa afer quen 
sfecageart wrdt wrt site i 
saama siamo write «omi: aen 
faqurat ow qerat afrerarerr; AT; | 
sivwfare men Sram Aaga were ween 
Aaf uferafeewriow fonna | 
fea; w GA wu: awe wife: wee 





g 


* My attention to the content of this stanza was drawn by Dr. B. B. Datta; D.Bo, 
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wATEITGENGUA WAT Sur: WIZUÜWOMPMT: | 
d? SS SH TOSTATUCHATYOTR 4320 
xirsersrarerrarg siue Slee: | 
wx zaune wu fustw; ufeWifüe: pun 
ipie ag fare areae 
wee yrfa weenie i 
À: @w ata and; menm vert 
Wen wats Gey grepeTTEYTD 3d 
Mahabhaskariya, VII, 21-95. 


These stanzas may be thus translated :— 


21. ‘*The methods of calculation as set forth in the preceding 
stanzas are the processes under the audayika syatem; the difference 
which has to be made in the drdhardtrika system is being stated 
below," 

22. *''Three hundreds (300) are to be added to the number of 
civil days in a Maháyuga, the same are to be subtracted from the 
number of omitted lunar days. From the revolutions of Mercury 
and Jupiter are respectively subtracted 20 and 4."" 

28. *''Sixteen multiplied by one hundred are the yojanas of the 
earth's diameter; 6480 are the yojanas of the sun; 480 of the 
moon. "'*' 

24. "'''The distance of the sun is 689358 yojanas ; of the moon, 
the same is spoken of as 51566 yojanas.'' 

25. "''Sixteen, eight, twenty-four, eleven and twenty-two 
multiplied by 10 are respectively the longitude of the aphelia of 
Jupiter, Venus, Saturn, Mars and Merocury."'' 

. 26. ‘The epicycles of apsis are of dimensions 82°, 14°, 60°, 
70°, and 28° respectively.” 

27. ‘*The peripheries of the epicycles of conjunction are in the 
same order, 72°, 260°, 40°, 234°, 182°. The periphery of the sun's 
epicycle is the same as that of Venus."’ 

28. "Of the moon 31? are the measure of the epicycle of apsis 
in the ürdharütrika system. The longitudes of the nodes are to be 
taken as the same as they are given by sages in the first system."* 

29. ‘To the longitude of the aphelion and to the heliocentric 
longitudes of Mercury and Venus half & circle is added and three 
signs (i.¢., 90) are subtracted from the node in the case of each 
of the rest in order to find the apparent node, '* 
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80. ''In the cases of Mars, Saturn and Jupiter, two degrees 
üre spoken of as corrections from the node as corrected by the 
equation of apsis; in the cases of Venus and Mercury, a degree and a 
half represent the correction from their heliocentric positions. '"' 

91. ''Of all the planets (Vibudhas) are thus given the Sighras 
and nodes; the degrees of celestial latitude are found by subtracting 
the planets from their nodes.** 

32. “The determination of the sum or difference is made from 
the directions, whether the same or opposite. The celestial latitude 
thus found is to be known as true for a planet.” 

88. ‘The same rule holds in another case (viz., finding the 
true declinations); as to the remaining processes they are the same 
as in the former system. Thia all in brief describes the other tantra 
{astronomical treatise). '" 

94. '''The true mean planets are all obtained from the respective 
aphelia which have been corrected by half the arcs of the Sighra 
and Manda equations; this is another difference. '"' 

95. ''By 3240000 diminished by one zero, multiply the moon's 
revolutions; the result divided by the planet's own revolutions. 
gives the measure in yojanas as seen of their orbits.” 


Now from stanza 21, we gather that 800 is to be added to the 
number of civil days in a Maháyuga. According to the Aryabhatiya 
the number of civil days in this cycle is 1577917500, which increased 
by 300 becomes 157797800, the number of civil days in a Mahdyuga - 
according to the Khandakhddyaka, 

Stanza 22 tells us to subtract 20 and 4 respectively from 
the revolutions of Mercury and Jupiter, and we arrive at the figures 
17937000 and 864220 which are the revolutions of Mercury ond 
Jupiter in a Mahdyuga according to the Khandakhddyaka. 

From stanza 23, we get that— 

The Earth's diameter = £1600 Yojanas. 
The Sun's diameter = 6480 T 
The Moon's diameter = 480 " 

This set may be compared with that of the modern Süryya- 

siddhünta which says that 
The Earth's diameter = 1600 Yojanas, I, 59. 
The Sun's ʻA = 6500 V Tac Re T 
The Moon's ,, = 480 see TLV pike 
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The figures of the Aryabhatiya are— 


The Earth's diameter = 1,050 yojanas, 
The Sun's F — 4410 E 
The Moon's * = 315 y 


The next stanza gives the distances of the sun and the moon 
as 689358 and 51566 yojanaa respectively. The same figures as 
worked out by Lalla according to the Aryabhafiya are 450585 and 
84377 in the Sisyadhivrddhida, IV, 93 and 4. 

The stanza 25, states the longitudes of the aphelia of planeta 
thus :— 


Longitude of Jupiter’s aphelion = 160° 
es F Venus’ n = 80° 
T " Saturn's * = 9240? 
"» P Mars’ T = 110° 
E T Mercury's +, = 290? 


These agree with the figures of the Khandakhádyaka. 
The next stanza states that : — 


The periphery of Jupiter's epicyle of apsis =  32* 
T T » Venus’ "3 Pa A = 14? 
"1 i », Saturn's is, ^ à. "ay = 0* 
T F 4 Mar's Tage Ie ers = 70° 
2 » ~ Mercary’e os: on ob = 28° 


These also agree with those given in the Khondakhddyaka. 


In stanza 27, sre stated the dimensions of the epicycles of 
conjunction to be— 
72° for Jupiter. 
260° for Venus. 
40° for Saturn. 
234° for Mars. 
182° for Mercury. 

These are the same as in the Khandakhddyaka, 

In the next stanza the sun's epicycle is stated to have a periphery 
of 14° and the moon's epicycle, 31°; the longitudes of the nodes 
of the planets to be the same as in the Aryabhatiya. All these are 
the same in the Khandakhidyaka, 

The stanzas 20-32, state some special rules for finding the 
celestial Intitudes of planets. In the next we have a positive 
assertion of the existence of a aarmt or a separate treatise on 
astronomy presumably by Aryabhata I, 


E 
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The next stanza gives rules for finding the geocentric longitudes 
of planets which may be taken to be the same as in the Khanda- 
kiddyaka, IT, 18; modern Süryasiddhüntía, II, 44; the Süryasiddhünta 
of Varüha in the Parcasiddhántikà, XVII, 6; but slightly different 
from the Aryabhatiya, Külakriya, 28-24. 

The last stanza gives the dimensions in yvojanas of the orbits 
of planets ; these are the same as in the modern  Sáryasiddhünta, 
XII, 85-89. 


We have shown that there is much resemblance in the constants 
between the Süryasiddhánta of Variha and the Khandakhadyaka and 
for tho matter of that with the ware of Áryabhata I. In my 
papers ‘‘Aryabhata’’ and ''Aryabhnta's Lost work,“ I have estab- 
lished the fact that the Saryasiddhdnta, as it existed before the time 
of Varüha, was made more accurate by him by borrowing the con- 
stants from Aryabhata's drdhardtrika system, That there was a 
Süryasiddhünta before the time of Varāha, is seen from section 6 of 
the table on page xii given before. This point is made clear from 
another consideration, viz., the star table in the modern Sürya- 
siddhanta which unmistakably points to the conclusion that the 
longitudes of some stars, 6.9g., Spica, eto., correspond to a time much 
anterior to that of Aryabhata I. The great fame of Aryabhata I 
induced Varüha, the first maker of a neo-Süryasiddhánta to use the 
elements of Aryabhata’s árdharátrika system to supplant the older 
materials in it, No wonder therefore that there is an opinion in 
favour of the hypothesis that Aryabhata I was the author of the 
Sairyasiddhanta. If there were a shadow of truth in it, Variha would 
have admitted it. Albérani indeed says that the Suryasiddhdnta 
was composed by Lāta.* We now know that this Lata or Litideva 
was one of the first pupils of Aryabhata I. He was the expounder 
of the Romaka and the Pauliéa siddhüntas, as we learn from Variba- 
mibira’s Pacncasiddhüntiküá, i, 8. As Albérüni's statement is not 
corroborated by Variha, we are not inclined to take it as correct. 
None of the earlier writers suggest that the Saryasiddhdnta wag in 
any way modified or changed by Aryabhata I. 


It has now been established beyond doubt that the same 


re 


Áryabhata was the author of the dryabhatiya and another Tantra 


which is now lost. There is renson in support of the bypotheses that 


* x 


this Tantra itself was the firat work of Aryabhata I and shat) tho — — 









a PN ers), 
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Aryabhottya wos the second work from the order in which Variha 
mentions them in the stanza quoted before on page xi. If this 
hypothesis be true the stanza in the Aryabhatiya— 
qerara) feiga enaga | 
afam finfara ww aisia. dt en 
Külakriyá, 10. 
which was translated by me as, 

u Now when sixty times sixty years and three quarter yugas algo 
have elapsed, twenty increased by three years have elapsed since my 
birtb.'" 

Should now be translated thus : — 

"In this Mahdyuga when sixty times sixty years and three quarter 
yugas also had passed, twenty increased by three years bad elapsed 
since my birth.” 

Bhüskarn I, the author of the Mahdbhdskariyoa and the Laghu- 
bhaskariya, wrote a commentary on the Aryabhatiya.* 

The author commenting on this stanza observes that 

aaia TCPXICGI-WWU «p urerewswurte rz Paquetes: ware | 

"Or this was addressed by Aryabbsta when expounding the 
science to Pindurangasvami, Litadeva, Nibéannku and other pupils.” 

This direct pupil of Aryabhata I also says that this stanza does 
not show that the Aryabhatiya was composed when Aryabhata I 
was only 23 yenrs old, but refers to the time when he probably 
began his career as a teacher of astronomy. 

The author of the Praká£siká,* observes 


"wmanrafaura: 00 Cuferepar Aaa aa emana: 
«s zywn og" 

The meaning of this stanza is this :;—'' That at this time, the 
mean planets, the apogees and the nodes deduced by the rule of 
three from the planetary revolutions of the Daéagitiká would be 
truo,” 

Hence we are not justified in concluding that the .iryabhafiyo 
was composed when Aryabhata was only 23 yeurs old. In its 
present form it was the work of mature age and was done in a 
' highly finished '' | form, the date mentioned in it was the date 


2 -o— — — —— 


* Manuscript purchased through Dr. Bibhutibhusan Dutta, D.Sc. for the 
P. G. Lending Library, Calcutta University. 

4 Praküdikà, the comm. on the Aryabhafiya by Sürya Deva Jujva. 
$ Pancariddhüntika, Introduction, p. lvi, 


E 
qu 
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when he became a guru or teacher, or the date for which the 
mean positions would be correct and for subsequent times some 
corrections were necessary. 


Brahmagupla's Originality in the Khandakhddyaka. 


We have already noted in the outline, some points of originality 
shown by Brahmagupta in the Khandakhddyaka. Some details are 
here stated. He does not accept the system of Aryabhatfa's 
astronomy which he has simplified in the Khandakhdadyake proper 
as correct. Brahmagupta gives his own corrections to this first 
part of the work, in the Uttara Khandakhadyaka, In this part 
he states the longitude of the sun's apogee to be 77° whereas in 
the Khandakhüdyaka proper it is given ns 80°. It has been shown 
in the translation that Brahmagupta is more correct than 
Aryabhata.* Again Brahmaguptn detected that Aryabhata had 
made the moon's apogee quicker, and nodes slower, than they really 
are. It has been shown in the translation that Brahmagupta 
made an over correction in either case.| Again Brahmagupta 
atates that the longitude of Mara’s aphelion should be increased 
by 17° and that of Jupiter by 10°. It has been shown in the 
translation that Brahmagupta wos more correct than Aryabhata.} 
These facts establish the point that the great Indian astronomers 
from Aryabhata I to Brahmagupta were aware of the methods of 
separating the two distinct planetary inequalities, wis., that of the 
apsis and of conjunction in the cases of the five ‘star’ planets,$ In 
the Khandakhadyaksa, Brahmagupta having given the ''sines'' and the 
equations of the sun and the moon at the interval of 16° of arc of the 
mean anomaly, in the Uttara Khandakhadyaka teaches, for the firet 
time in tbe history of mathematics, the improved rules for inter- 
polation by using the second difference. This has been detailed in 
the translation on pages 141-42, and also in the Bulletin of the 
Caleutta Mathematical Society, Vol. XXIII, No. 3 (1981). In the 
case when the function is not tabulated at a constant interval, his 
rule is equally remarkable. Another rule given by Brahmagupta 
in Chapter VI, stanza 1, is equivalent to the formula 


aix T nis “aio rame trigonometry 





* Translation, p, 189. | Ibid, pp. 140 and 144-46. 
+ Ibid, p. 144. $ Paficoriddhüntikà, Introduction, lii. — 
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Brahmagupta also corrects the dimensions of the spiċycle of apsis 
of the sun and the moon by —y/gnd part and 4th parts respec- 
tively.* His correction to Saturn's epicycle of apsis is — {th 
part and that to the Sighra epicycle of Mercury + ,th part.! 
Again inthe Khandakhddyaka proper, the treatment of parallax in the 
calculation of so lar eclipses Brahmagupta does not follow Aryabhata. 
The methods here followed by him are the same as that of the 
Brédhmasphutasiddhinta.t As has been already remarked these 
corrections and innovations in the Uttara Khandakhádyaka, paved the 
way for the acceptance of his great work the Bráhmasphutasiddhünta 
as a standard work on astronomy by the western Indian school of 
astronomers. The directness of the treatment of topics, and the 
simplicity of calculation taught in the Khandakhddyaka made it a 
very neat handbook for the beginner. These two works of Brahma- 
gupta were perhaps the only astronomical works in circulation in 
western India when the Arabs conquered Sind early in the eighth 
century (712 A.D.) and the new conquerors learnt Indian astronomy 
and Mathematics from these works as has been observed by Sachau. 
Albérüni who came to India early in the ilth century of the Christian 
era, learnt Indian astronomy chiefly by studying the Khandakhddyaka 
and the Brhat Samhitá of Varihamihira, and both of them with the 
help of the commentary of Bhattotpala. 


Albérüni and the Khandakhadyaka. 


Sachau in his translation of the Jndika of Albérüni, has shown 
that Albérün! has made the following references or quotations 
from the Khandakhddyaka proper and its supplemeutary or the 
Uttara portion. 


(a) A reference to the accepted circumference of the earth 
in the Khandakhüádyaka in i, 15 of our translation (Sachau's 
Albérüni, Vol. I, p. 312). 

(6) The rules for finding the «hargana as given in the 
Khandakháüdyaka in i, 3-5 of our translation (Sachau's Albérdni, 
Vol. II, 46-47), to which Dr. Schram adds a valuable annotation, 
the constants being taken from the later Paulita Tantra as known 





Ibid, p. 143. c S 20 f ) | 


- 
| Ibid, p. 144. 
$ Cf. Bràhmasphü[(atiddhünta, xi, 34. 
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to Bhattotpala. This Pauliśa astronomy is derived from Aryabhata 
I's árdharátrika system." 

(c) A quotation from the Uttard Khendakhadyaka (Sachau's 
Albérüni, Vol. II, pp. 84-86) which in our translation is Chapter X, 
pp. 148-152. 

(d) A quotation also probably from the Uttara Khandakhüdyaka 
(S&chau's Albérüni, Vol. II. p. 87). These stanzas are found in 
the = Brühmasphufasiddhünta, XIV, 47-52, also quoted by 
Bhattotpala as occurring in the Brahma Siddhanta in his commentary 
on the Brhat Samhita, IV, 7. The manuscripts which we have 
used do not show them ns occurring in the Uttara Khandakhüdyaka. 
These relate to the dimensions of the naksatras as seen, as distin- 
guished from the same as calculated. 


(4) Two quotations from the Uttara Khandakhadyaka relating 
to the celestial co-ordinates of Canopus and Sirius (Sachnau's 
Albérüni, Vol. II, p. 91). Our manuscripts do not show these 
stanzas, which are probably the same as stanzas 35-36 and 40 
of Chapter X of the Brüáhmasphuta-siddhünta, 


(e) Two quotations from the Khangdakhddyaka proper as alleged 
by Albérüni (Sachau's Albériini, Vol. II, p. 116). Ace ording to 
Amaraja, the first is a couple of stanzas of which the author is 
Bhattotpala and not Brahmagupta.! The second quotation cannot 
be traced. These relate to finding the possibility of an eclipse 
whether of the sun or of the moon. 


(f) Two quotations from the Khandakhddyaka proper as 
asserted by Albérüni (Sachau's Alberüni, Vol IT, p. 119). These 
relate to finding the Lords of the year and of the month. — According 
to Amarija the rules in question were given by Bhattotpala and 
not by Brahmagupta.1  Prthüdaka in his commentary on the first 
chapter at its concluding portion says wa urargrat wuifusrerfegr 
wuwwrerenfafed, ic. ‘In this work the Khandakhadyaka the 
teacher CPiostbeniwup le) has not given the rules for finding the Lords 
of the year and the month."’ 

There are, besides these, mention of this work in many other 
places in Albérüni's Indika. 

* P.O. Sengupts, Aryabhata the Fatber of Indian Epicyele Aatranomy, pp. 33-41, 
als o Paficasiddhantiba, Introduction, xxxviii. 

t Khapjakhüdgaka, Pt. B. Mista's Edition, p. 145. 





$ Ibid, pp. 48-49. z, 
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Original Contents of the Kliandakhádyaka, 


The Khandakhddyaka ns composed by Brabmagupta was a work 
of eleven chapters; the Khandakhaádyaka proper consisted of 8 and 
the Uttara part of 8 chapters. 


Our translation which follows Prthüdaka's text, presenta the 
first eight chapters faithfully, and we- have been partially 
successful in reconstructing the first two chapters only of the 
supplementary part, which according to our inference bad three 
chapters in all; these were probably 

(1) Introductory Corrections and New Methods. 
(2) Conjunction of Stars and Planets. 
(3) Projection of Eclipses, 

One manuscript at our disposal which we have so long taken 
as following Bhattotpala's text shows one more chapter, vis., on 
Páfas. If there was really a chapter on this topic, Prthüdaka 
would not have been under the necessity of giving his own rules 
and illustrations. He has indeed given his rules in no less than 
twenty-five stanzas of his own, in the concluding part of his commen- 
tary on Chapter I. 


At any rate we cannot be sure if the Uttara or the supplementary 
part bad a chapter on the Pdfas. The stanzas on tbis chapter 
given in the manuscript which we have referred to above, do not 
read like Brahmagupta's composition. 

That there was a chapter on the projection of eclipses we learn 
from the following evidences from Prthidaka himself. These occur 
in his commentary at the ends of the Chapters III and IV. 

(a) autant anqa uftaediererd menfa i 

(b) qares Stet seq aofeSe Heres eae: i 

Here he promises to illustrate and explain in detail the projection 
of lunar and solar eclipses in the supplementary or Uttara part. 


The faulty materials at our disposal have made us give up our 
nttempt at translating the chapter under reference. 


Khandakhüdyaka and its Commentators. 
l 
S Owing to the simplicity of caleulation that the Khandukhddyaka 


it Y 


it was for a long time, in faot for many centuries, used as 
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a practical handbook for a learner of astronomy in India.  Albérüni 
in his Indika early in the eleventh century of the Christian era, 
noticed that '' the cannon Khandakhddyaka is the most universally 
used among“ the Hindus. Of the many commentaries on it written by 
different writers the most known ones were by Lalla,t Bhattotpala, 
Prthüdaka, Somesyara, Varuna, Amarija and others. Of all these 
commentators, Lalla appears to be the oldest; of Bhattotpala we 
know that his time is about 888 of Saka era or 966 A.D.; the 
times of the remaining authors are not important from the view-point 
of history. As to Lalla the name of his commentary is the Khanda- 
khadyapaddhati.~ Lalla is again the author of the Sitsyadhinrddhida; 
the question is whether the two Lalla’s are the same or different 
persons. We are of opinion, it was the same person who composed 
the works. The reasons are set forth below :— 


(a) The first evidence in our favour is obtained by comparing 
the longitudes of the '' Junction stars’ given in the Brdhmasphuta- 
siddhdnia and the Sisyadhivrddhida. Some of these longitudes 
given in either book should be considered as traditional and some 
corrected by the authors of these two works. For Bentley in his 
Hindu Astronomy bas shown that Brahmagupta’s star tables give 
different values of total precession for 1690 A.D., as obtained from 
different ‘junction stars.'$ Lalla says that his longitudes of ‘junc- 
tion stars’ are fefe; wwifdar," i.e., ‘declared by munis," Who 
these munis were are not stated at all; many of these longitudes 
were traditional and some were corrected by Lalla himself. 
Bentley’s investigation of Drahmagupta's table leads to, forthe year 
1600 A.D., different values of total precession varying from 18° 24’ 
to 14° 8&, From Brahmagupta’s time (628 A.D.) to 1690 A.D.. the 
total shifting of the equinoxes should be about 15°. We would 
take an error of 1° in his observations and 16° to be the superior 
limit to the value of the precession, as the criterion for finding which 
of the longitudes of the junction stars were corrected by bim, 





* Sacheu's Albérün?*, Vol. T, p. 119, 
§ KhandakhGdyaka, Pt. Babus Misra'a Edition, p. I, 
S.B Dixit, weta siana, p. 254. 
* B. Misra’s Edition, p. 27. 
.$ Bentley's Hindu Astronomy, pp. 83-84. b 
© Siqyadhirrddhida, XI, 3. P tdi 
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Judged by this test, his corrections were most probably confined 
to the cases of :— 


Punarvasu 
Maghā 
2 Krdrü 
P. Phalguni 
Tenn Aálesà 
Citra (1) 
Hasta 
Visakha | 
dl d Lall wince. 
Anurüdhiü an nlla'a. corrections 
. similarly were in cases U. Asadha (2) 
Jyesthi of A 
Abhijit 
P. Asüdhà 
Sravani 


U. Asidha (2) 
Dhanistha (3) 
P. Bhadrapada(4) | 


Revati 


Dhanisthi (3) 
P. Bhüdrapada (4) 


The common stars whose longitudes were corrected by Brahma- 
gupta and Lalla are :— 








Polar long. according 





Polar long. according 
to Brahmagupta. to Latta. Excess. 
Citra * | 185" © 0" 184" 20' 0" | 1* 30 


U. As&dbá ese: | | 267° 30° 06” 
 Dhanistha * 206° 20’ 0” 


P. Bhüdrapada m | 327° 0 oO” 





In the cases of U. Asidhbi and Dhanisthi, Brahmagupta and 
Lalla most probably mean different stars. The mean excess comes 
to 1° 10‘, from which Lalla, the author of the Sigyadhivrddhida 
becomes later than Brahmagupta by about 85 years. His date hence 
comes to about 035 of Saka era or 718 A.D., the date of the Brühma- 
sphutfa-siddhünta being 550 of Saka era or 628 A.D. 


* 
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If we consider all the stars of which the polar longitudes as given 
in Lalla's work are greater than those in Brahmagupta's we are led 
to a different date for Lalla: 













Siar. 


Polar long. accord. | Polar X ME: Excess 
a LI 


ing to Brahmagupta, ing to la. 


Ardrá 67* 70* g* 
Adlesá 108" 114 
Hast’ 170" 173° | 3" 


U. Agidhs 260" 
Abbijit 265° 
Sravani 278" 
Dhanisthá 200° 


Citra | 143° 184°" 20 1° 20’ 
P. Bhbádrspada 


Average of the six stars gives a mean excess of 2° 1? 40", This 
would make Lalla’s time later than Brahmagupta’s by about 
140 years. Hence Lalla's time becomes 768 A.D. or 690 of Saka 
era. Thus Lalla must have lived between 7183[A.D. and 768 A.D. 

There is a significant passage in Lalla's great work the Sigya- 
dhivrddhida, which runs as follows: - 


mè warfare afise enya, maA ere: wed: i 

Tafa: gaa 9 fast facture sel fre peA | 
maui feftrrara maa ga à È 
afe tz frei aaia dataa Erg vfis i 


This passage occurs twice in I, 69-60 and XIII, 18-19.* It 
occurs in ite proper place in the first chapter which treats of the 
mean motions and in the thirteenth chapter, where the author 
gives his genealogy. The corrections which the stanzas give to the 
mean positions of planets as calculated from its constants are thus 
expressed ; 

* Suyadhierddhida, Mm. Sudbakara Dvivedi's edition (1886), 


- 
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"Bubtract 420 from the Saka year elapsed; multiply the 
remainder severally by 25, 114, 06, 47 and 153 and divide in every case 
by 250; apply the resulting minutes negatively in the following order: 
to the moon, moon's apogee, moon's node. Jupiter, and the Sighra 
of Venus. Again multiply the same remainder severally by 48, 
20 and 420, divide by the same divisor 280; apply the resulting 
minutes positively in the order—to Mars, Saturn and the Sighra of 
Mercury." 


Here the divisor 250 shows that all" these corrections, vis., —25’, 
— 114’, — 0€/, — 47', — 169, + 48', -- 20', and - 420' were found by Lalla 
250 years after the time, 420 of Saka era. Hence Lalla’s time is 
670 of the Saka era or 748 of the Christian era. Brahmagupta'’s 
time being 628 A.D., Lalla flourished 120 years after him, We are 
thus led to the conclusion that it was the same person who composed 
the Sigyadhivrddhida and wrote the commentary Khandakhadya- 
paddhati on the Khandakhadyaka of Brahmagupta.* 


Now the Khandakhddyaka was composed about the year 587 
of the Saka era or 665 A.D. ‘The date of the first commentator, 
Lalla, has been shown to be 748 A.D., the next commentator, 
Prthüdaka lived about 864 A.D. Bhattotpala about 966 A.D. 
and the last commentator lived about 1180 A.D. Thus the Khanda- 
khddyaka was held in very bigh esteem for more than six centuries 
among the distinguished Hindu astronomers and almanac-makers. 
Taken with proper corrections to the mean positions of planets its 
rules stand on a par with those of the modern recension of the 
Siryasiddhdnta, as has been demonstrated in the present trans- 
lation specially in the calculation of eclipses. 

Prthüdaka's text has been followed throughout in this translation. 
In our opinion this text gives the stanzas of the work in the 
order in which they were composed by Brahmagupta, Whenever 
Trthüdaka takes up n stanza from a later chapter to explain a 





* Lalla's indebtedness to Brahmagupta is also seen from his rule for finding the 
instantaneous daily motion of a planet affected by the fighra equation, in the 
Sigyadhiorddhida, YI, 45-46, as also from the 4ighra anotnalies (II, 47-48) for the 
stationary points of planets. Both of these are taken from the Brdhmasphuta- 
siddhanta, JI, 423-44 and 48-49. According to Sudhükara Dvivedi, Lalia'^ time 
is 420 of Saka era and according to Sankara Bálakrena Dixit, 660 of the Saka era. 
These views are not now tenable in view of our nding. Cf. also our paper, 


* Aryabha(e,'" foc. cit., p. 38. 
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certain topic, he invariably repeats it in its proper place. In one 
place he apologises as folllows : — 

ugsparüsfuwqs arent mufewfu: weritu | 
f.e., "In this chapter whatever has been explained in excess or 
defect is respectfully requested to be pardoned by the learned.” 

In Ámarüja's text as also in the text which we have taken 
as Bhattotpala’s, the stanzas from the Uttara Khandakhüdyaka 
are mixed up with those of the Khandakhddyaka proper. The 
Berlin manuscript in rotographs, which bas been used in preparing 
this translation breaks up abruptly at the beginning of the Uttara 
part. It has not been possible to partially reconstruct more than 
two chapters of the Uttara Khandkahddyaka from the faulty 
materials at our disposal. 

To the translation proper have been added three of my papers 
as appendices. The first two will, itis hoped, bring to prominence 
the independence of the Hindu astronomers as regards the constants 
in luni-solar astronomy and as regards the methods of Hindu 
Spherical Astronomy. The third appendix gives an idea of the 
planetary motion as it was understood by the great Indian astro- 
nomers from Aryabhata I to Bhaskara IT. 

Much help bas been derived, in the work of translating the 
text, from the edition of the Brahmasphuta Siddhánta by the 
late Mm, Sudhakara Dvivedi for which I express my indebtedness. 
All references to this earlier work of Brahmagupta in the present 
translation refer to this learned edition. 


" Pr, C. SENGUPTA. 


= 





Sexagesimal Unita of Time 


60 Bipalas (Vipalas) = 1 Pala, Binádi (Vinadi), Binádika (Vinddikd), 
60 Palas = 1 Ghatikà, Nadi or Nadika. | 
60 Ghatikds = 1 Day. 

6 Asus = 1 Vinddi=24 Seconds; an Asu-4 Seconds. 


Linear Unita. 


1 Anguli* (finger-breadth). 

1 Hasta (cubit) 

4 Hastas 1 Height of man or the bow. 
8000 Heights of man ! 1 Yojana. 

According to the Khandakhüdyaka, the length of the earth's 
equator=4800 yojanas; hence 1 yojana=5 miles nearly. According 
to the Brüáhmasphuta-siddhünía { and the modern Süryasiddhánta, 
a yojana is similarly =5 miles. As measured here by husked barley 
corns, one hasta becomes — 19°5 inches very nearly. 


6 husked barley corns in breadth 
24 Angulis 


Definitions of Certain Terms. 


Aksadrkkarma—'TThe process of applying the necessary correction to 
the ‘polar’ longitude of a planet to find, at the observer's 
place, the point of the ecliptic which rises or sets simul- 
taneously with the planet. 


Ayanadrkkarma—The process of applying the necessary correction to 
the celestial longitude of a planet to convert it into 


+ ‘polar’ longitude, 


Saka era or the era of the Saka king is now understood to be the 
era of King Kaniska of the Saka dynasty of Peshawar. 
The relationship with the Christian era is this: 
Christian era = Saka era-- 78 years. 


I! K"ÉMMMNMC————————————————— j/'/———————À!Á—— IU UUUUUUMUUPTTTT 


* Prahmarphuta-stddhanta, XVI, 12; Bhaskara II, however takes one anguli »8 
barley corns in breadth. Cf. Albérdnl, Sachau, Vol. II, p. 166. 
+ Aryabhatiya, Dalagitikā, 7. 
t Brahmosphuta-siddhants, I, 06. Sürya-aiddhánta, L, 5U. 


€ 
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Sahku—The gnomon, a conical solid 12 digits in length or height, the 
diameter of the base being 2 digits.* 

Sighra anomaly—The angle formed by the line joining the earth and 
sun produced, with the heliocentric radius vector of a planet. 

Sighra equation—In the case of an inferior planet it roughly 
represents the elongation and in the case of a superior 
planet it is very nearly the annual parallax. 

Sighrocca or Sghra—In the case of an inferior planet it is the mean 
heliocentric position; in the case of a superior planet it is 
the mean position of the sun. 


Trigonometrical Functions. 


'Sine'— The Indian sine of any arc is defined as the distance of the 
end of the radius from the ‘east-west’ or horizontal line. + 

‘Cosine’"—The Indian cosine of an arc is the distance of the end of the 
radius from the 'north-south' ot vertical line.! 

'Versed sine'—Tbe Indian versed sine of any arc is the arrow of the 
double arc lying between the arc and the chord.1 


The translator himself is responsible for the following mistakes 
occurring in his work and requests his reader to correct them before 
going over it. 


Page 30, Line 33, for vydtipdta read vyatipáta 
da 91 VA Wo Do. * Do. 
» 945,4, @ ,, asus (—OGsec.oftimoe) ,, asua (=4 sec. of time) 
» 112 ~,, 26 ,, opposition 4, conjunction 





* Brühmasphugfa-siddhánta XXII, 89. Cf. Bhüskara IT, Gola, IX, 9. 
&  Bbhüskara II, Grahaga*ita, IT, 18-21, Commentary, 
1 Bbāskara II, Golo, Jyotpatti, 5, also Gola, IIT, 3. 








CHAPTER I 
On Tithis, Naksatras, ete. 


1. Having made obeisance to God Mahadeva, who 
is the Great Cause of this world’s Rise (i.¢., creation), 
Existence and Destruction, I shall declare the Khanda- 
khadyaka (i.e., a short treatise on astronomy, which is 
as pleasant as food prepared with sugar-candy), which 
will yield the same results as the great astronomical treatise 
of Aryabhata. 


By Aryabheta, is here meant Aryabhata l, who lived from 
476 A.D. The Indian astronomical treatises are divided into three 
classes: (i) Siddhantas, (ii) Tantras. and (iii)  Karanas, The 
Siddhántas are those of which the calculations start from the 
beginning of the ''creation," the Tantras reckon time from the 
beginning of the Kaliyuga or 3102 B.C., while the Karana from any 
subsequent specified time. We shall see that the Khandakhadyaka 
is a Karana. 


9 As in most cases calculation by the great 
work of Aryabhata, for (the knowledge of time and 
longitude of planets, etc., at) marriage, nativity, and the 
like, is impracticable for common use every day, this 
smaller treatise is made so as to yield the same results 
as that. 

This stanza shows the necessity for the present work The next 


stanza describes the finding of whatis known as «ahargana, or the 
number of civil days elapsed since the epoch 587 of the Saka era, 
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3-5. Deduct 587 from the Saka year, multiply the 
remainder by 12, to this result add the number of lunar 
(synodic) months elapsed from the light half of Caitra ; 
multiply the sum by 30 and add to it the number of tithis 
elapsed : put down the result increased by 5 separately in 
two places. In one place divide by 14945; by the quotient 
diminish the result in the other place, and divide it by 976; 
by the quotient of intercalary months reduced to lunar days, 
increase the result in the original place; put down the 
result below (i.e., in another place), multiply it by 11 and 
add to it 497 ; put down the sum below (i.e., in another 
place) and divide by 111573, diminish it by the quotient 
obtained from the sum in the first place ; divide the new 
result by 703 and by the quotient of omitted lunar days or 
tithis, diminish the result. The final result is the ahargana 
and begins from Sunday. 


p 


We illustrate the above rule from Prthüdaka's example:— 
Required the ahargana in the Saka year 786 nt the end of the 11 
tithis and one lunar (synodic) month from the light half of Caitra. 


Process :— 


186 — 587 — 108. 
Now  195x12--1-—2388--1— 2389 total solar months. 


Again 2580 x 304 11=71670+11=71681 total solar days. 


71681 71681 
EL mM. 
14945)71686 71686 


4 da. 47 gh. 47 pa, 4 da. 47 gh. 47 pa. 


71681 da, 12 gh. 18 pa. 
Now 71681 da. 12 gh. 18 pa. — 976 da. x 78 -- 488 da. 12 gh. 13 pa. 
Thus the number of intercalary months z 73, 
The remainder 433 da. 12 gh. 13 pa, relating to the intercalary 
months is increased by 17 ghatikds, for a purpose explained af! erwards. 


Hence the true remainder relating to intercalary months is taken 
nt 433 da. 29 gh. 13 pa. k 


Now 78 x 80—2190 ; this is added to 71681 or 71681 +2190, ie, - 
78871 is the total number of fithis or lunar days elapsed. 


| 
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The rule then directs the following operations : 
73871 x 11 +497 which is equal to 813078. This is put down in 
two places : d 


I Hu 
813078 da. 
813078 . 
Uisa | et nee Ims ~ Tda. 17 gh. 14 pa. 
813070 da. 42 gh. 46 pa. 
=703 da, x 1156+ 402 da. 42 gh. 


46 pe. 


Here, in tbe 2nd place, the remainder 402 da. 42 gh. 46 pa. is 
increased by 14 gh. for a purpose which will be explained afterwards. 
The true remainder relating t omitted lunar days is thus taken at 
402 da. 56 gh. 46 pa. 

The quotient 1156 representing the integral number of omitted 
lunar days is now subtracted from the total lunar days, 73871, and 
the ahargayva is now, 73871 — 1150 or 72715. 

Now 7271527 x 10/187 + 6. 

As the remainder is 6, the day nt the end of which the ahargana 
is 72715, is Friday. 

Before we can take up the explanation of the above rules, we 
have to remember the meaning of the following terms : 

A solar (or aaura) day —Interval of time in which the sun moves 
through one degree of longitude; so that 30 solar days= 1 
month and 12 months=1 year. 

An intercalary month or an adhimdsa=a synodie month 
which ia left out in the adjustment of the lunar calendar to 
the solar. 

A tithi=a peculiar time unit in which the moon gains 12° of 


longitude over the sun. Iis mean value is goth of the 


synodie month and slightly less than a civil day. 


In the stanzas 3-5, the numbers 5 and 497 are additive quantities 
and need not be considered at present. The rules suggest that for 
S solar days, the number of intercalary months. /, is given by 


35 ) m X 
s(1 i4ds J “O70 ^ * 
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Now in a Mahdyuga of 4820000 years, there are 4820000 x 369 


solar days, Hence the number of intercalarv months in a Mahdyuga 
by Brahmagupta’s rule is 


(4320000 x 360)( eet. E ' 


14945 976 
1452556800000 | 998 
— gigas ^ 1999990411048. 


Hence according to the Khandakhddyaka the number of inter- 
calary months is 1593336. 
Now the number of solar days in a Mahdyuga 
= 4320000 x 12 x 30 = 1555200000; 


.. in 1 seura day the number of intercalary months 


|. . 1508830 1 

= 15552000007 .-. 1040604 
)7 O—————— 
761593336 


1 
= O76 ^ ^ Suppose. 





1 
"T diee m «|, red 7, 104004 
15033536 
— 1 
= S eur BEBO 
14945 — 
104064 


— EL i 
970 "14045 "eary. 


1 : ee | 
'" pyg 104004 ^ 976 976" 14945 
1593386 


= 576 ( ere ) 
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This «hOwe the method by which Brabmagupta arrived at his 
rule:* 
Again in a Mahdyuga of 4520000 years 
the number of sun's revolutions = 4320000; 
the number of solar months = 51840000., 
The number of intercalary months = 1593356; 
^ the number of synodic months = 53439036. 


Hence the number of revolutions of the moon 
= §7753336. 


The number of tithis in a Mahaéyuga = Synodic months x 30 
= 1603000080. 


The stanzas next teach us how to find the omitted tithia in N 
number of tithis. The rule is: 
Omitted tithis for N tithis = N x 708 P= nim ). 
Hence for 1603000080 tithis of a Mahayuga, the number of 
omitted tithis 
— 11x 111572 x 1603000080 


— — — — — —— 


708 x 111573 
— 1967349174183360 
78435819 
: 38060 
= 25082280 — 78435819 
Thus according to the Khandakhadyaka, the number of omitted 
fithis in a Maliiyuga is 25082280. 
Here Brahmagupta simplifies the fraction, and takes, 
25082280 _ 11 ra I ) 
1603000080 703 1115737 
The steps appear to be as follows :— 


_25082280 _ 627057 
1603000080 ~ 40075002 


i E P 1 

" 68+ 14 IO4- 144 ^ — 
me O AE 

= cea À suppose, 











* Of. the Sanskrit commentary of Xmarà:o in Pt. Babus Miira's edition. 


— — — — 
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= 11 _ 027057 
703 40075002 


703 — 440825022 7038 4,4579 99 
2u51 


11 l 





=" X08 "111578 nearly. 
25082980 11 i 
Thus 9082280 . n/n 18 — 
bus 1603000080 ^ 708 V ! ^ i11878 ) 


The convergent zs was known to the author of the Romaka 
Sildhánta.* 
We next turn to the additive quantities 5 and 497 


The number of years elapsed since the beginning of the Kaliyuga 
till! the end of the 587 of the Saka year 
= 3179 +687 = 7060; 


^ the number of solar days = 87066 x 360 
= 19557060, 
Now 1355760 + 14945 = 90 da. 33 qh. 
1355760 —90 da. 43 gh, = 1255669 da. 17 yh, 
Again 1855669 da, 17 gh.— 76 da. x 1389 4-6 da. 17 gh. 


Here the remainder is 6 da. 17 gh. Brahmagupta adds these 5 
days to the total solar days in finding the adhimdasas. These 17 
ghatikas are added to the remainder in the process for finding the 
intercalary months. Tho quotient 1389 represents the number of 
intercalary months in 2766 years 

Now 1380 synodic months = 41670 tithis. 
^ the total number of tithis in 3760 years — 1855700 + 41670 

1397430. 


Now 1397430 x 11 15371780 


15371730 * | 
—— da, = 197 da, 46 yh, 


15371730 da. — 197 da. 46 gh. = 15371592 Ja. 14 gh. 
15371592 da. 14 gh. = 708 da. x 21865 + 497 da. 14 gh. 








* Ct. Pafica-siddhüntikà, i, 10; also Hanakrit commentary by Amară ja. 
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Here the residue in 497 da. 14 gh. In it» place Brahmagupta 
directs the adding of 497 da. in finding the omitted lunar days, The 
remaining 14 ghatikds are added to the remainder corresponding to 
the omitted lunar days * 


Here the total ghargana from the beginning of the Kaliyuga till 
587 of the Saka era, 


= 12397430 — 21H05 
= 19755065, 


Now 1975565 = 7 x 196509 + 2 


Hence the 1st day of 587 Saka year elapsed falls on a Sunday, 
counting a Friday to be the beginning of the Kaliyuga, 


The remainders are not essential to the finding of the ahargana; 
they ore, however, as we sball see later on, used to find the 
longitudes of the sun and the moon without finding the ahargana— 
a new process by which some tedious calculations are avoided. 
Again the process of finding the chargaya is rather cumbrous. We 
are here to find the number of civil days corresponding to a certain 
number of years, months and days; this is best done by taking the 
leugth of the year as will be shown below. In practical calculations 
the synodic months and (fithia are cumbrous and unnecessary 
elements; the number of civil days elapsed since the beginning of 
the year are more easily counted. If, however, the solar calendar is 
not at all used, as was the case at the beginning and even now in 
certain parts of India, then the synodic months and tithis have to be 
applied. | 


Again in the first steps of the rules, in place of solar months and 
solar days, the synodic months and tithis are added to the solar 
days. ‘his is an apparently wrong process. But as neither of the 
remainders in the two divisions (here in this book, there are four) 
ia taken into account 'n calculating the ahargana, this irregularity 
does not affect the final result. 


As hos been shown above, the number of omitted tithis or lunar 
days in a Mahdyuga, according to the Khandakhddyaka is 25082280. 








* Cf. Amarája's Sanskrit Commentary. 


| As to this metbod of calculating the ahargano, cf. Poslca-eiddhántiká, i, 8-10 : 
Brahmasphufa-siddhante, i, 20-30 ; the modern Siirya-«iddhdnta, i. 45-01, etc. 


Vot OL Siddhdnta-siromani, Madhyagati-edeand, 16-18 Com. thereon. 
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Hence the number of civil days in a Mahdyuyga 
= tolal number of lunar days 

— total number of omitted lunar days. 
1603000080 — 25082280 
1577917800. 

According to the Aryabhatiya, the number of civil days in a 
Mahdyuga = 1577917500, There is thus a difference of 300 days." 
We shall see later on that according to the Khandakhddyaka, the 
beginning of the astronomical day is not the sunrise at Lankd.! 


it 


Now the length of the year according to the Khandakhddyaka is 
1577917800 _ 292207 
4820000) — 800 





days. 


Pribüdaka apparently wanted to find the number of integral civil 
days in 199 years and 1 month, 


The total number of days or aha raya 


| 202207 


= d99,2X-800 


1991 x 305; nearly 


= 72884-75 + 30°48 
= %2715°18. 

Hence the integral number of civil days or ahargana is readily 
seen to be 72715 and is readily checked by considering the day of the 
week on which the ahargaasa is desired. If the ahargana is required 
for a longer period a closer approximation to the year ia necessary. 


To find the number of days in 3766 years. 
3766 x 202207 
800 
= 1975504 46 
This has been found before to be 1375565, the difference is 
made up by considering the day of the week of the last day of the 
ahargana. 


The required number of days — 








* On this point cf.  Paica-siddh3ntika, | i. 14; ix, 1; alio Jntredvetion to the 


same, p. xvii; Brühmarphuta-aiddhánta, x. 5. ` 


t OF Poáüca-siddhántilà, xv. W und the Brdhmasphuta-riddhánta, x, 13-1 4 
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6. The two remainders relating to the interealary months 
and omitted tithis, are to be increased respectively by 17 
and 14 ghatikas ; the moon's apogee and the node are to 
be made less by 5 and 10 seconds of are respectively. 


7. The mean Saturn diminished by 3 seconds, the 
Sighrocca of Mercury diminished by 22 seconds, the mean 
Mars increased by 2 seconds and the mean Jupiter increased 
by 4 seconds are equal to the respective mean planets 
of Áryabhata's **midnight '' system. 


The next stanza teaches us how to find the sun's mean longitude. 


8. From (the ahargana found before), multiplied by 
S00, and increased by 438 and (finally) divided by 292207 
are obtained in revolutions, etc., the mean sun, Mercury, 
and Venus and the Sighroccas of Mars, Jupiter and Saturn. 


The rule is equivalent to this ; — 


Mean sun — oe revols. ete, 

The only figure that requires explanation is 438. This is thus 
obtained :—The ahargana found till the end of 587 of the Saka era is 
1375565. 


Now 1975565 x 800 —202207 x 3766 + 438. 


Hence as the calculations of the Khandakhádyaka really start 
from the beginning of the Kaliyuga, 438 occurs as an additive. 


From Prthüdaka's example, we have the ahargana- 72715. 
^ mean sun at the time mentioned before, i.e., at ahargana 
72715, 


_ 72715 x800--488 _ 58172438 


coc o —— — 


202207 — 202207 ' 
23245 
202207 
= 199 revols. 0 signs 28° 88' 10”, | 
omitting the entire revolutions the mean sun=0 sign 28° 38’ 16”, 
2 


= 199 revols. + revola, 
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9. The mean sun increased by the number of degrees 
equal to the tithis elapsed multiplied by 12, together with 
the quotient taken as degrees, of 3 times the remainder 
relating to the omitted tithis divided by 137, becomes the 
‘midnight’ mean moon. 


mean moon — mean — sun 
Now, æ monz 


= Integral tithis elapsed + fraction of a tithi elapsed. 


. mean moon = mean sun + 12° x integral fithis elapsed 
+ 12° x fraction of n tithi elapsed. 
Here the integral tithis elapsed are known. The fractional part of 
a tiths, till the end of a given ahargana 
—Kemainder relating to the omitted tithis in finding ahargana, 
1703 

expressed in civil days. 

Now 703 tithis = (708 — 11) or 692 civil days 


> 1 civil day = tos tithis, 
'". the fractional part of a tithi required— 
_ Remainder i ler in finding omitted tithis 708 
—— — * 692 * 
Hence 12° x the required fractional part of a tithi 


_ Remainder in finding omitted fithis x 108 | 19° 
" 708 692 " 


E x Remainder in finding omitted tithis. 


Illustration.—In finding the ahargana, the elapsed tithis were 11, 
and the remainder in finding the omitted tithix, 402 da, 66’ 46”. 
Hero 11x12* = 132° = 4 signs 12° 


and 402 da. 66’ 46" x 3° = 6° 50’ 15". 
178 
Now the mean sun = 0 signs 28° 88' 16” ; 
^ the mean moon = 0 signs 28° 38’ 16" +4 signs 12° + 6° 69 15" 
= 5 signs 17° 87’ 31", 
The next stanza teaches us how to find the mean moon from ses 
ahargana, a 


. E 
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10. Or, from the ahargana multiplied by 600 and 
increased by 417} and finally divided by 16393 is obtainea 
in revolutions, etc., the mean moon when it is diminished 
by the number of minutes from the (same) ahargana 
divided by 4929. 


Here the mean moon 


= thargana x 600 +417} 2, — ahargana 


16398 i i290 





As has been shown before (p. 5), the number of moon's 
revolutions in a Mahdyuga of 4820000 years or 1577917800 days, is 
57753386. Hence the mean moon in a given ahargana from the 
beginning of the Kaliyuga, 


ahargava x 57753336 
1577917800 revols. etc. 


Brahmagupta appears to reduce this process in the following 
way:— 


ahargana x 600 
1577917800 x 600 
5715333060 


ahargaua x 600 
— "evo! 


57753330 


ahargana x 600 
= ar revols. 


16308 775988 743336 








ahargana x 600 -( ahargana x600 — ahargaua x GOO | 
16393 "ise 163998 ^ ^ 1393, 2412952 
57759886 


revols. 


ahargana x GOO ji. ahargana x 485904 
= — 195898 revors. — "23050740766 — e 


ahargana x 600 i ahargawa | 
= "168 03 revols. — 740291 min, 


‘Brabmagupta has rejected the fraction j, in the denominator. 


* 
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As to the additive quantity 417) it is obtained in this way :— 
The ahargana from the beginning of the Kaliyuga till the end of 
587 of the Saka era, 
127550605, 
and 1375505 x 600 = 16393 x 560347 + 620, 


: 1375565 x 16393 
1875565 min. — 49:9 x 8360 x GO 


4020 z 16898 ravo; 





Again 


211% 
7 16303 revols, nearly. 
Now 620—2113 —4171 which shows the necessity for the additive 
quantity, (Cf. Amarāja'’'s commentary.) 
lllustration,.—The ahargana found before is 72715. .*. the 
mean moon 
72715 x 600 + 417} — _ TAG. 
ae O  —— revols, — 4090 min. 
=6 signs 17° 52' 16' — 14! 45" 
=5 signs 17° 37' 81”, which is the same as calculated before. 
Prihüdaka makes a mistake in his calculation, and doubts if the 
stanza was really Brahmagupta’s, The rule however is quite correct 


according to the accepted motion of the moon in the Khanda- 
khadyaka, 


The next two stanzas teach the method of finding the mean sun 
and the mean moon from the processes of finding the ahargana. 


11-12. Divide the remainder in the finding of omitted 
lunar days by 692, call the quotient taken as days, ete., 
the first; add it to the remainder in finding the intercalary 
months: multiply the result by 30 and divide by 1006 and 
call this new quotient, the second. Take the sum of 
the months (synodic months taken as signs), the days 
i.e., lithis (taken as degrees) and the first found before. 
Put it down in two places, multiply it in the second place 
by 13. Subtract from each place, the second—the two 
(new) remainders are respectively the mean sun and the 
mean moon in signs, etc. 





CHAPTER I 13 


llustration,—'The remainder in finding the omitted lunar 
days=402 da. 56/46 and that in finding tbe intercalary months 
=458 da. 21' 15", 


|2 da. 56! 46" 
Hore the first - eon =0 doe. 34' 56” 


Be aecond. (188 da. 29/ 187+ 0 da. 34/ 56/30 
the seconda = 1006 





= 12 da, 50 40”. 
Sum of synodic months and fithis from the ligbt-half of Caifra 
=] sign 11”. 
The sum and the first —1 sign 11° + first 
=] sign 11° 84' 56". 


1 sign 11° 34' 56" l sign 11° 84' 56" 

The second _ 12° 50 40" | —— 
Mean sun = O sign 28° 38/ 16” 6 signs O° G4’ 0” 
The second 12° 5y 40” 


Mean moon = 5 signs 17° 38/ 28” 


These rules are only approximative. The rationale also is not 
clear but is connected with the relation between the units—solar 
months and solar days on the one hand and the units—lunar 
months (i.e.. synodic months) and tithis, on the other. 


13. The longitude of the sun's apogee is 80°; of the 
moon, from the ahargana from which 4532 has been 
subtracted and divided by 3232, is obtained in revolutions, 
etc., the apogee when increased by the minutes of arc from 
the same ahargana divided by 39298. 


The longitude of the sun's apogee is thus stated to be 80°. 
[Cf. Panca-siddhantikd, ix, 7-8]. The moon's apogee is given by 
the equation :— 


i (ahargana —4573 } 
Moon's apogee = UMEN 3. rev, + — min. 





—4591 is a Kaepe quantity and we leave it out for the present. 
In a Mahaáyuga the total number of civil days= 15377917800. 
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.. the number of revolutions of the moon's apogee in a Mahdyuga 


1577017800 1577917800 
revols. + -apaga min. 





—  — $982 
456 1753249 
33932 revols. + 043152 revols, 
= (488217'141 + 1:851!) revols. 
= 488219 revols.* 
Thus according to the Khandakhidyaka. the revolutions of the 


moon's apogee in a Mahdyuga is taken at 488219, the same as in 
the Aryabihatiya and the Sürya-siddhünta of the Pajca-siddhdntika, 





= 488217 


As to the Asepa quantity, it is obtained as follows: — 

The ahargana from the beginning of the Kaliyuga till the 
beginning of the epoch of the Khandakhidyaka=1875565. Again 
according to dryabhata (the .iryabhatiya, Dasagitikd., 5) 459} 
Mahiyugas elapsed since the ‘creation,’ on the first day of the 
Kaliyuga. Hence the longitude of the apogee on that day 

= 1x48821U = 488219 —1220543 
= 866154] revols. 
1 revol., omitting the entire revolutions. 


e da to 1577917800 804479450 
1 revolution corresponda to 188219 x4 ~ ^ 488219 


= 808 civil days nearly. 
^. the ahergaya for the calculation of the moon's apogee at the 
epoch of the Khanidakhddyaka, should be taken=1875565 +808 
= 1876378. 
Now 18763738 = 3232 x 425 + 2773. 
Again from the ahargana 1375565, the minutes of the are 


1375565 07285 
= "89208 ^ 3232 revols. 


In place of the numerator 5°255,.., Brahmagupta takes 5°25 or 
51. This 5} added to the remainder 2773 becomes 2778}; now this 
subtracted from the first divisor 3232 yields 453} as the subtractive 
Ksepa of the stanza. 

* Cf. the Tryabhatiys, Daíagitikd, 4; Pafica-siddhdntikd, ix, 3; also the editor's 
paper Aryabhata, p. 38. 





CHAPTER I 15 


Illustration,—Let the ahargana be, as before, 72715. 

(72715-45443) 72716 nin 

$292 [ev —— 

22 revola. 4 signa 8° 54' 5' -- 1! 51” 

= 4 signs 8° 55’ 56" omitting the complete 
revolutions. 





The moon's apogee = 


From this 5" are to be subtracted according to the stanza 7; thus 
the longitude of the moon's apogee at the required time=1! signs 
B? 55! oi". 


14. Deduct 372 from the ahargana and divide it by 
6795, the quotient is in revolutions, etc.; add to it the 
number of*degrees obtained by dividing the ahargana by 
514650; this last result deducted from the whole circle is 
the longitude of the moon's ascending node. 


From this rule the node's negative longitude 


a ha rgana— 372 


gana ahargana 
6795 


revols. + 514656 degrees. 








Now in a Mahdyuga the number of civil days = 1577917800 
.'. the revolution (retrograde) of the node in a Mahdyuga 


— 1577917800 .... |, + 1577917800 


6705 + 514056  ^eBrees, 


leaving.out the Ksepa quantity 372. 
= 2$2217°542 revols. -F8:519 revols. 
= 282226°061 revolutions. 

Hence according to the Khandakhddyaka, the number of the 
re'rograde revolutions of the moon's node is 232226." Brahma- 
gupta’s rule is not difficult to deduce from this number of 
revolutions. 

In } of a Mahdyuga, the motion of the moon's node 


= } = 232°26 revols, 
= 17410694 revols. 








s. Cf, Aryabhatiya, Dadagitikd 4; Paflca-riddhántika, Introduction, xvili ; editor's | 
paper Aryabhata, p. 85. 
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1577017800 


Now half a revolution — 289998 x 3 civil days 
— —— - Civil days 


= 3507 civil days appxly. 


Again the ahargana till the epoch of the Khandakhddyaka is 
1375565. In the case of the moon's node for the calculation of tho 
Kgepa the ahargana should be taken at 1875565 +3897 or 138962 
—60795 x 202 + 6872, 


Hence from the Ist term of the rule the additive is 6372. 


Again from the ahargana 1375505 by the second term we get 


1375565 x 6795 
514656 x 380 - : 5074488 | 
TTE. mm med rev ols, — = 6795 revols, 


Here instead of 504488, Brahmagupta takes 51. Now 51-6372 
=6423 and the 1st divisor 6795 —6423—372 which is the negative 
additive here. 


Illustration,—Let the ahargana be 72715 as before; hence the 
negative longitude of the moon's ascending node, 

12715—372 72115 

= -————— — — * 
0795 14656 

= 10 rev. 7 signs 22° 44’ 30" +40° &' 28" 
= 7 signs 22° 57 58", omitting the complete revolutions. 
.". the longitude of the moon's ascending node=4 signs 7° 7' 2”. 


From this longitude 10” according to the stanza 6, and 96 also 
according to Prthüdaka and his school, must be subtracted. Thus 
according to Prthüdaka the longitude of the moon's ascending node 
at the time, 


degrees 


= 4 signs 5° 30’ 52", 
Thus from the ahargana 72715, Prthüdaka calculates :— 
The mean longitude of the sun=0 sign 28° 88' 10”, 


Ae noon =§ signa 17° 87’ 31", 
FESTA aspects ^ moon’s apogee=4 signs 8° 55! 56", 
VIRIS esaera ..,.,.Dno0nD's asc. node=4 signs 5° 30' 52", 


These are the mean longitudes on Friday midnight at Ujjayini, 
If the longitudes are needed fora particular time and place, the 
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necessary corrections for time and longitude must be made. These 
can not be effected without finding the daily motions, Prthidaka, 
then taking the ahargana to be 1, calculates by the foregoing rules, 
the mean daily motions of the sun, etc., to be as follows :— 


| 
Moon's Moon's nodes 














Sun Moon apogee (retrograde) 
59% | 790! 6! 4 
| | 


B" | 34" 40" 11^ 
TT email e ios 
For details of his calculation see the Sanskrit commentary. 


Prthüdaka then says that by subtracting the entire mean motion 
from the mean longitude, the planet is got for the previous midaight 
—now by interpolating for the half night and the preceding day, 
the planet is obtained for the sunrise, etc. He then speaks of 
the corrections for the longitude of the station and says that the 
(meridian) line passing through Lankà and the north pole is the line 
for which the longitudes are found from the rules. He quotes a 
stanza current among the Paulisa school of astronomers, which may 
be thus translated. — ''On the cities, Ujjayini (Ojein), Rohitaka 
(Rohtak), Kuruksetra, the Himalayas and the poles no correction 
tor difference of longitude is to be made as these places are on the 
(prime) meridian.' Prthidaka most solemnly asserts that the 
above stanza could not have been composed by Pulisa. While 
residing at Kuruksetra, he found that the difference of longitude 
from Ujjayini was 14 ghatikds, E, i.o.. 36 min. E,—an impossible 
result, which he obtained by the method of a celestial signal, viz., 
the difference in the beginning of a lunar eclipse, as calculated and as 
observed. He never suspected the possibility of the following pit- 
falla—(i) that his calculation and his data for it might be wrong; 
(ii) that there might be errors of observation, A sannydsin, aa he 
was, he might check his result by the rougher method of Brahma- 
aphuta-siddhánta (i, 96-38) or of the Panea-siddhdntika (iii, 13-14). 
In the latter work he might have seen it stited that the difference 
in longitude of Benares from Ujjayini was 1 ghaftikd 40 palas. 
One might think  Prthüdaka to be of sufficient mathematical 
acumen to be able to devise the method of Bhiskara in his (Gola, 
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Praánüdhyáya, 28. Prthadaka, however, sticks to his result 14 
ghatikás as the difference of longitude between Kuruksetra and 
Ujjayini. This difference of longitude as used by the Khandgakhüdyaka 
is taken to be equal to the length of the equator corresponding to 
the difference in time. The length of the equator is taken at 4800 
yojanas, Henze the difference in longitude at Kuruksetra = HX 2900 


= 120 yojanas, according to Prthüdaka Swimi. 


15. Multiply the difference in longitude (from Ujjayini), 
by the (mean) daily motion ofa planet (in minutes) and 
divide by 4800; apply the quotient taken ns minutes 
negatively in places east of the meridian line of Ujjayini 
and positively in places lying west. 

As explained before, the difference in longitude is measured in 
the Khandakhüádyaka in yojanas, At Kuruksetra where Prthidaka 
was staving at the time of writing the commentary, this difference 
in longitude as taken by bim — 120 yojanas E. 


Now the sun's mean motion = 50 8”. 


Correction for difference in longitude 





= ]' og" 


The sun's longitude as found before = 0 sign 28° 38' 16", 
S. the sun’s longitude for the midnight at Kuruksetra 
= 0 sign 28° 30 48". 


Prthüdaka then states the mean motions thus :— 


————— ET — — — — — — — TT 
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and then gives the following corrections for the difference in longitude 
at Kuruksetra :— 


Mars poema Jupiter | Venous | Saturn 


| 
el 
| 


In the next stanza, Brahmagupta gives the suo’s equations at 
intervals of 15*. 


16. 35, 67°, 95, 116’, 129, 134 are the sun's 
equations for every half sign (of mean anomaly). 





Here the sun's maximum equation of the centre ‘a 154, IEP 
stand for the circumference of the sun's epicycle of apsis, then 


p° x 84389 — 
860° 
Now taking P=14° and the formula for the sun's equation to be 


134’ .". P=is° 





P? x $438! x sin (mean anomaly) 
y6. 





LITT sin (mean anomaly). 


The calculated equations may be tabulated as follows :— 








«| o" | 15* | 39" 45" 


— mm 


Mean anomaly 





Equations 


Hence the equations are in fair agreement with those given by 
Brahmagupta, and the circumference of the sun's epicycle is 14* 
according to Khandakhádyaka. 

Illustration,—The sun's mean longitude at Kuruksetra is O sign 
28° 30/ 48", and the sun's apogee is at 80° or 2 signs 20°. 

Now mean anomaly 

= Mean sun — long. of opogee, 
= Ü sign 28° 80' 48" — 2 signs 20°, 
= 10 signs 8° 34 45" which is greater than 270°. 
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Hence the equation must be found from 12 signs — 10 signs 8” 30 
48" or 1 sign 21° 23 12" or 3083-2, Now 3088"2=00! x 8 + 9383/2, 
hence as the equations are tabulated at intervals of 15? or 900^, the 
required equation lies between the 3rd and the 4th figures or between 
05y and 116'. Here the difference for 900/ — 21". 

21'x; 83:2 

"000 
= Uh --B8 50 
= 1°43" 50", 


., the reqd, equation = (5! + 


Here as the mean anomaly is greater than 6 signs or 180°, the 
equation is positive. 
.". the sun's apparent longitude 
= 0 sign 28° 30 48" -- 1? 43 56^ 
= 1 sign 0° 20! 44", 


The next stanza gives the moon's equations. 


17. The moon's (corresponding equations) are 77’, 
148’, 209°, 256’, 286’, 296’. The (mean) planet diminished 
by the apogee is the Kendra or the mean anomaly. 


Here the moon's equation of apsis for 90° of mern anomaly is 
stated to be 206’. If P, be the circumference in degrees of the 
moon's epicycle of apsis, then 


P, x 3438/ 


eae e e u — —— 


J 


2906! 





20 


By taking 31* to be the circumference of the epicycle of apsis of 
the moon, the corresponding equations are as follows :— 





ot | 15* | 30* | a5" e | 35 


pg“ 
2003 | 256'87 | 285'46 | Qo6'*05 


Thus according to the Khaidakhddyaka, the periphery of the 
moon's epicycle of apsis is 31°.* 


Degrees of anomaly... 





148 


Equations 








iy | WG 








* Cf, Pafica-siddhüntika, ix, 7-8; the editors paper Aryabhata, p. 29. 


Qtv 177° 4 


— — — 











CHAPTER 1 21 


INustration.—The moon's mean longitude at Kuruksetra. 
= 5 signa 17° 17 46”. 

The long. of apogee = 4 signs 8° 55! 46”. 

..the mean anomaly = 1 sign 8? 27 0”, 
= 2502' = 000 x 24502". 

Thus the equation lies between 148’ and 20%. 


Now the difference for 100’ or 15° —6LI" 


D £g 
S. the equation = 148° 01 902 
= 148/ +34! 1" -:3* 2' w., 

Here a5 the mean anomaly is less than 180°, the equation is to be 
applied negatively. 

.'". the moon's apparent longitude 

= 5 signs 17° 17' 40'—3^ 2' 1" 
= 5 signs 14° 15' 45", 

To this is applied the Bhujintara correction as explained in the 
next stan%a. In the case of the moon it is syth of the sun's equation 
and in this particular case it is y of 103! 56" 39! 55", This is 
applied positively to the moon ss the equation is done in the case 
of the sun. 

Thus the moon's apparent longitude is taken 

= 5 signs 14° 19! 40", 


The next stanza teaches where the equation is positive or 
negative and the application of yy of sun's equation to the moon. 


18. In odd quadrants from the arc passed over and in 
even quadrants from the arc to be passed over, is obtained 
the corresponding equation, which is applied negatively or 
positively according as the mean anomaly is less or greater 
than six signs or 180°, Of the moon the further equation 
is 97 of the sun's equation (applied negatively or positively 
in accordance with the sun's mean anomaly). 


A full explanation of the rationale of the above three 
stanzas calls for » regular exposition of the epicyclic astronomy, 
which we mean to do in the appendix. The Sanskrit texts are the 


GS 22395 
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following:—(i) Aryabhufiya, Kólakriyà, 17-22 ; (ii) Brihmasphuta- 
siddhinta, Gola, 21-30; (ii) Bhiskara’s Goladhydya, Sphuta-gati. 
vüsand, 7, 10-37, The references in English are the following :— 
(0) Burgess's translation of the Sürya-siddhánta, Li, 84-46; (ii) Tran- 
slation of the Siddhdnta-4iromani by Wilkinson and Bāpudev 
Sāstri ; (iif) the present editor's translation of the Aryabhatiya, 
Calcutta University Journal of the Department of Letters, Vol. XVI, 
pp. 35-39; also his Papers on Hindu Mathematics and Astronomy. 
pp. 27-45. 


This (18th) stanza says that the equation of the centre is 
negative from apogee to perigee and that it is positive from perigee to 
apogee. "The direction for working out the equation for a given value 
of mean anomaly is evident; as the equation is a sine function, it is 
to be obtained like a sine function. As to the „th of the sun's 
equation to be applied to the moon, it is obtained as follows :— 
At the end of the mean ahargana or 72715 civil days, the mean sun 
on th: ecliptic is supposed to be at its lower transit: the apparent 
sun is ahead lor behind) it by the sun's equation of the centre. "The 
time taken by the celestial sphere to turn through the sun's equation 
of the centre 


Sun's equation expressed in minutes da: 
21000" 


The moon's motion in this fraction of a day 


Sun's equation x 730^ 34" 


l . 
2160 = 37 of the sun's equation. 


This is to be applied according to the value of the sun's mean 
anomaly. "The nex! stanza teaches us how to rectify the mean daily 
motions of the sun and the moon. 


19. Divide by 15, the tabular difference of the sun's 
equations, which corresponds to the mean anomaly, and 
divide by 8 the moon's tabular difference multiplied by 7 ; 
the results are to be applied to their mean motions, 
negatively, positively, positively and negatively in the ae 
quadrants of the mean anomaly. 





Sun's equations 


— 


Tab. diff. of equations 


— — — — 





Corrections to mean motion . 





The rationale appears to be this : — 


Tho sun's longitude, l, after t days from a given date is given by 
!I—nt — E, where n stands for the sun's mean motion and E, the 
equation af the centre; after one day the longitude will be given by 


l'—(t**1)) —:E * increase E for an increase of n in the mean 
anomaly), 
or V = n(t * 1) —(E + Tab. diff. of equations xn : 


_ Tab. diff. of equations xn | 


daily motion = n EXC YES 


— ^o 
Roughly n —660' in the case of the sun, and 900 = cy which explains 


the division by 15 in the case of the sun's tabular differences of 
equations, 


In the ease of the moon. the equation giving the longitude is, 


—nt—E, where n is the moon's mean daily motion in minutes; 
let n' be the motion of the moon's apogee, then the increase of the 
mean anomaly per day is (n—75'). After one day the longitude 1 
will be given by n 


l'zn(t-- 1) - (E +increase of E for (n —n') increase of mean anomaly); 


— » di ; 
S. b-n(t-1)— f g 4 em Tan DH o Equations) 


900 
when n» and n' are expressed in minutes. 
Daily motion —!'—1 
— A MAL ‘Tab. diff. of Eqns. 
900 
In the case of the moon, n=790 34", m'=0 40" ; 
S. n—n!'-T783!54"z780)'9, 
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Now 7899 _ 871 _ 
Uy 'go0 - 1000 ij 





J 
The convergents are | pag ete. 


— 
i 


Brahmagupta uses the convergent g: which explains the multi. 
plier 7 and divisor 8, 


l 
Moon's equations * | 950 256" | one’ 


Tabular difference 


— — — 


Corr olioos to 01" gg” | 63’ r Aai | 55 got 
Moon « Meson motion 3 
i 





Brahmagupta is not quite satisfied with the above rough rulo, 
and in the next gives his complete rule. 


20. Multiply the motion in anomaly by the tabular 
difference of equations (at the mean anomaly), and divide 
by 900 ; the results are the corrections for the sun and 
the moon's daily motions. In case of Venus, etc., follow 
the same rule and as stated before, i.e. apply the results 
to the respective mean motions, negatively, positively, 
positively and negatively. 


The rationale of this stanza has nlready been explained. In the 
increasing state of the equations, the corrections to the mean 
motions have the same sign as the equations, and in tbe decreasing 
state the opposite sign. The equations increase in the first 
quadrant, decrease in the second, increase in the third and decrease 
in the fourth. Hence the corrections are —, +, +, and — in the 
four quadrants of the mean anomaly. 


By the rules of the stanza. the corrections to the mean motions 
become :— 





| ga" | 19" | 0930" 


> ' Wr rr 


To moon's mean motion .. 


Lond 








"uP 
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The sun's longitude as found before= 1 sign 0° 20° 44”, 
The moon's longitude = 6 signs 14° 10° 40". 
The sun's mean anomaly = 10 signs 8° 80' 48". 
Tabular difference of equationé= 21’, 


^ the correction to the sun's mean motion = 1' 22. 
^ the sun's rectified daily motion = 59’ 8"—1' 22°=57' 40". 
The mcon’s mean anomaly = 1 sign 8° 22'; 


^ Tabular difference of equations= 61’, 
the moon's rectified daily motion- 790' 84" — 58' 12" —791' 24". 


Prthüdaka wanted to illustrate the finding of naksatra. tithi, 
karana, eto., from the longitudes of the sun and the moon. For 
this purpose it is necessary to find the length of the day and night; 
this leads to the finding of ascensional difference or half the varia- 
tion of the day from 30 ghatikás or 12 hours. These topics are given 
in the section called Tripraénádhiküra (i.e., finding the meridian, 
latitude, and local time at the place of the observer). But as they 
are necessary in this connection, they are here considered by Priha- 
daka and we also follow him. The ascensional differences are first 
considered. 


21. 159 divided by 16, 65 divided by 8, 10 divided by 
3, each multiplied by the -equinoctial shadow are (the 
tabular differences of) ascensional difference expreesed i in 


binadis. 


The formula in the siddhüntas for the 'sine' of the ascensional 

difference is given as—R sin (ascensional difference) 

., R sin 6x Equinoctial shadow — R 

12 R cos 8 

sun's declination, and the equinoctial shadow —12 tan $, $ being the 
Intitude of the station.* 


. where & is the 





tan 5x R 
12 
where R—3438', the measure of the radian according to Aryabhata. 
If the obliquity of the ecliptic be 24°, the value of 4 for the longitude 


Or, R Sin (ascensional difference) = x Equinoctial shadow, 


ot the sun 80°, is Sin~ (sin 30° xsin 24°); for longitude 60°, it 
d. sin^ ' (sin 80° x sin 24°); for longitude 90°, it is 24°. 








* Cf, Brahmasphufa-siddhanta, ii, 57-58 ; Surya-siddhánta, ii. GE ; etc, 


4 
-= 
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Now 6, =sin~' (sin 30? x sin 24°)=11° 44! 2", 


6, —sin^'(sin 60° xsin 24°) =20° JT 43", 





6, =24° 
tan 6, x 3458! = 50"7508 = 59'508 binddikds 
12 Y 
= BES binadikas 


— — binddikds approximately, 


, 
= 107-8510. 


. tons, x 3458’ tan 6, xJ438' 
E 12 12 


= 107'8510—59':5080 


= 48/-3436 = ees bin. 


= ae binddikds. 


= binüdis according to Brahmagupta. 


tan 5a x 5438" 


— fe 
13 =127'°558 and 


Aguin 


127558 — 10785162 19"7064 = ome bin. 


= oo binddis = S according to Brahmagupta, 


These figures of Brahbmaguptu, vis.. mE, 7 5 are comparable 


with 10, 8, and 34 of Bhüskara. Grahaganita, Spagtddhikdra, | 50-51. 
The Pañca siddhantika figures are 10 8°25, 5975, ii. 10-12, — 


* 
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The tabular differences are thus: 


193 Am Equinoctial shadow, 


Lt 


* x Equinoctial shadow, 


T x Equinoctial shadow. 


According to Prthüdaka at Kuruksetra the equinoctial shadow 
=7. At that place the tabular differences of the  ascensional 


differences are, 


150x 7 .. 1118 .. 09-57 binadie. 





16 iG 
xt = = = 50'887 binādia 


Lip dy e NE, Er à : 
— — 93°33 bhinddis, 


Prthüdaka takes these to be 69, 57, and 23. The sun's longi- 
tude as found before=1 sign 0” 20’ 44". As one sign is passed over 
by the sun, the ascensional difference 


= ( 00 + — es x 21 <=) binadis=( 69 + 360 oa 2.) binádis. 


= 69 — acc ES 
= 1 ghatika 9 binddis. 
, half the day —16 ghatikas 0 binddis 
Half the night — 13 ghafikds 51 binddis n 


22. Multiply the daily motion in minutes by the 
ascensional difference and divide by 3600 (i.e., number of 
binadikas in a whole day), subtract the result from the 
planet for sunrise and add it to the planet for sunset when 
the sun is in the northern hemisphere; do the reverse when 
the sun is in the southern hemisphere. 


Io the Khaesdakhádyaka, the planets calculated, are for the 
apparent midnight; the planets for the sunrise are first obtained 
by subtracting jth of the daily motion from the midnight longitude. 
and planets for sunset by subtracting [th of the daily motion from 
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the midnight longitude. The longitudes for sunrise and sunset aro 
for the time when the sun is on the 6 o'clock circle, either in the 
morning or in the evening. The correetions spoken of in this stanza 
make the longitudes true for the apparent sunrise. No illustration 
is necessary. 


23. Fifteen, respectively diminished and increased by 
the ascensional difference when the sun is in the northern 
hemisphere, and respectively increased and decreased when 
the sun 15 in the southern hemisphere, doubled will give the 
lengths of the night and the day in ghatikds. 


As found before, half the night = 13 ghatikds 51 binádis. 


.. the whole night = 27 ghatikds 42 binddis. 
Half the duy = 16 ghatikds 9 binádis. 
.". the whole day = 32 ghatikds 18 binüdis. 


The next stanza teaches how to find the naksatra on any day. 


24. If of any planet the longitude in minutes be 
divided by 800, the quotient gives the naksatra passed over 
from Aswini ; of the current naksatra, the portions elapsed 
and to be passed over divided by the daily motion give 
the days, and then the remainder multiplied by 60 and 
divided as before gives the ghafikàs, respectively elapsed and 
to be passed over, of the current naksatra. 


A naksalra = ay of the whole circle 


= S =800' of the ure. 


Illustration.—'l'he longitude of the moon ns found before 
= 5 signs 14° 19' 40" and the moon's daily motion = 757! 22", 
Now 5 signs 14° 19' 40" = 9859 40", 

and 9859 40" = 800' x 124259! 40”. 


Hence 12 naksatras have been passed over at the midnight of the 
day and of the 13th naksatra 259! 40" have also been passed over. 


Now 800' —250' 40" —540/ 20", «n 
Thus 540' 20" are to be passed over, of the current nakgatra., 1 y 
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Now TT QU x 60 ghatiküs-21 ghatikas 8 binadia 


and ME — ghatikds = 43 ghatikás 58 binádis. 
Now the length of the day + half the night - 
= B2 gh. 18 bin, + 18 gh, 51 bin. = 46 ghatiküs 9 binddis 
^. the time elapsed since the previous sunrise when the current 
nakeatra began = 46 gh. D bin, — 21 gh. B bin, 
= 25 gh. 1 bin. 
Again the time after the next suprise up to which the current 
nakeatra continues 
= 48 gh. 58 bin. — half the night 
= 43 gh. 58 bin. — 13 gh. 51 bin. 
= 10 gh. 7 bin. 


25. The moon, diminished by the sun and reduced to 
minutes and then divided by 720, yields the number of 
tithis passed over. From the parts elapsed and to be passed 
over, multiplied by 60 and divided by the difference of the 
daily motions of the moon and the sun, are obtained the 
ghatikas elapsed and to be passed over, of the current tithi. 


As defined before a tithi is a peculiar time unit in which the moon 
gains 12° or 720! of longitude over the sun and there are 30 tithis 
from conjunction to conjunction, As found before :— 


The moon's longitude = 5 signs 14° 19' 40”. 

The sun's longitude = 1 sign 0° 20' 44", 

The moon's daily motion 737! 22". 

The sun's daily motion = 57! 46". 

Moon—Sun = 4 signs 18° 58’ 560 =8038' 56" 

= 720’ x 114118! 56”. 

Hence at this time 11 /!i/his have passed ; of the 12th tithi 

118' 56" have also passed and GOL 4" yet remain. 


The difference of daily motions = 679° 30”. 
118’ 56" x60 — i 
Now 67080" — = 10 git. 30 bin. 


601^ 4r x 60 —— - . 
em xS OS 52 gh. 57 bin. 
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Hence the time elapsed since the preceding sunrise when the 
lith tithi ended = 46 gh. 9 bin, —10 gh. 30 bin, 
= 05 gh. 39 bin. 


Also the time after the next sunrise when the 12th /ithi will end 


= 


= 52 gh. 57 bin. —13 gh. 51 bin. 
= 89 gh. 6 bin, 


The next stanza speaks of the fixed karanas. Karana=4 of 
a fithi, 


26. The second half of the 14th titi of the dark half 
of the month is called sakuni karana; the first half of the 
15th, catuspada karana, the second half is called naga 
karana and the first half of the first tithi of the light half is 
called Kkingstughna. 


After kingstughna, come the seven Karanas, which are named 
Vava, Vālava, Kaulava, Taitita, Gara, Vanij, nnd Visti. These 
movable karanas or 4 tithis, make 8 complete cycles up to the first 
half of the 14th tithi of the dark half of the month, then we have 
the 4 fixed karanas as stated in this stanza. A karaya represents 
the time in which the moon gains 6° of longitude over the sun, 
The next stanza gives the rule for finding the movable karanas. 


27. Divide the moon diminished by the sun and. 
reduced to minutes by 360, lessen the quotient by one and 
divide by 7, from the remainder are (to be counted) the 
karanas beginning with vava. ‘The rest (i.e., the remaining 
processes) are like those of tithis. 


Here, moon — sun « 80838' 56” =360' x 224118" 56" 


^. the quotient here is 22, lessened by 1 and divided by 7 yields 
Oor 7 as the remainder, hence the karana that is over is Vigti The 
current karana is varo, which will last till 16 gh. 52 bm, after 
midnight or till 3 gh. 1 bin, after the next sunrise, 


28. When the sum of the sun and the moon is equal 
to half a circle or the whole, it is respectively called 
eyatipata or vcaidhrla : the days (whether elapsed or to come) 


are obiained from the excess or defect of the sum (of the 
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sun and the moon) from 6 signs or the whole circle, divided 
by the sum of their daily motions. The pāta whether 
vyätipäta or vaidhrta takes place when the sun and the 
moon have the same declinations (numerically). 2 

The process of finding the time when the sum of the longitudes 
of the sun and the moon is equal to 180° or 860°, presents no great 
ditliculty, the rule is sufficiently clear. But to find the time when 
they have numerically the some declinations is a matter involving 
somew' nt tedious calculations, if the declinations of the sun and 
the moon are not daily found and tabulated. The rule for finding 
the declinations is given by Brahmagupta in the Tripradnddhikara 
but os it is necessary here, Prthüdaka introduces it and we also 
follow him. 


- 29. "The declinations (for each half sign) in minutes 
are 362, 703, 1002, 1238, 1388, 1440, increased or 
decreased by the planet's celestial latitude (according as 
they have the same or opposite denominations). 


Taking 24° to be the obliquity of the, ecliptic according to the 
siddhünítas the declinations at intervals of half a sign work out 
to be 


86%, 704’, 1003, 12389, 1388’, 1440), " 
while 362’, 703, 1002’, 1288’, 138s’, 1440’, 


are Brahmagupta's figures which show a slight discrepancy of I’ in 
the first three values, The spherical astronomy involved will be 
considered in the Tripragfnddhikdra. The process of finding the 
declination of a planet having either a north or south celestial 
latitude is rough. Brahmagupta and the modern Sarya-siddhanta 
follow the same rule. Bhaskara alone attempted to make it some- 
what correct, Cf, Brahmasphuta-siddhdnta, vii, 15 also x. 15; Sürya- 
siddhdnta, ii, 58; Bhüskara'a Grahaganita, Grahaccháyádhikára, 3; 
Lalia’s Sísyadhivrddhido, xi, 12. 


. Next in calculating the moon’s celestial latitude, it is necessary 
to find the *sines ' of given arcs, hence a table of ‘sines’ is also 
necessary which is also given in the Tripraénüdhikára,  Prthüdaka 
takes that up here. 
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30. Thirty increased severally by nine, six and one; 
twenty-four, fifteen and five, are the tabular differences of 
*sines' at intervals of half a sign. For any arc, the ‘sine’ 
is the sum of the parts passed over, increased by the propor- 
tional part of the tabular difference to be passed over. 


The tabular differences of '' sines '' are 
39, 86, 31, 24, 15, 5. 

The ''sines '' are: 

20, 75, 106, 130, 145, 150. 

Here the radius of the circle is 150; hence tha calculated 
‘sines’ are :— 

38-82, 75, 106-06, 129-94, 144-89, 150. 

Hence Brahmagupta’s ''sines ' are all accurate to the nearest 
integer. It is further necessary to find the moon's celestial latitude 
and the angular diameters of the sun and the moon, for which we 
have the lines in iv, 1-2 which are taken up here. 


31. From the longitude of the moon, subtract that of 
the ascending node; of the resulting arc, the ‘sine’ multiplied 
by 9 and divided by 5 “gives the celestial latitude of the 
moon. Multiply the apparent daily motions of the sun and 
the moon respectively by 11 and 10, and divide respectively 
by 20 and 247; the resulting minutes are the angular 
diameters of the sun and the moon. 


The first part says that the celestial latitude of the moon 


9 x 150 sin (arc between moon and node) 
n 
210 x 150 sin (arc between moon and node) 
SS IB a ee min. 


The maximum celestial latitude of the moon is E taken at 
270' as in all Indian Siddhdntas. 


As to the second part, the idea is that all planets move with the 
same linear speed in their eccentric circles, Hence if the distance 
of a planet from the earth (in this case) Den and NDE UN Qu 
motion, then r x n —constant. 
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Thus if a be mean distance and w be the mean daily motion and 
r and n be these quantities on any given day, we have rn=aw. 


Again if D be the diameter of the planet in linear measure, then 
the angular diameter, 


= = x 3438". 


The mean angular diameter— D x 5498" 


apparent angular diameter — a_n 


= pu 
* > I a a * > a — - — = 


mean angular diameter ee 
. in the case of the sun, the apparent angular diameter 
— mean angular diam. xn 


w 


=H yy: 


20 


. 11, mean angular diameter 
2-50 Saw B ° 


650 28" _ " 
D) = 32’ 31 = 





.. the sun's mean angular diameter = 


Similarly the moon's mean angular diameter 


2 790' 34” x 10 


= $2’ i 
347 32' nearly 


The next stanza that is necessary here, is taken by Prthüdaks, 
from the Tripraénádhikára ; it relates to the finding of the are when 
the ‘sine’ is known. 

32. Subtract as many as possible of the tabular differ- 
ences of the ‘sines’ from the given ‘sine’; multiply the 
remainder by 900 and divide by the tabular difference 
that cannot be subtracted; add the resulting minutes to 
900' multiplied by the number of tabular differences passed 
over ; the final result will be the arc corresponding to the 
given ‘sine.’ 

6 
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The tabular differences of ‘sines’ are given at the intervals of 15° 
or 900". "The rest requires no explanation. All the rules necessary 
for a computation of a vyatipdta or vaidhrla having been discussed, 
Prthüdaka illustrates it as follows — 


Illustration.—Let the time be 786 Sake year, 1 synodic month 
and 10 tithis ; then ahargana=72714, the mean sun as corrected 
for Kuruksetra—O0 sign 27° 47’ 40" ; the sun's apogee = 2 signs 20°, 
^. the sun's mean anomaly = 10 signs 7° 37! 40", the sun's equation 
1° 45' 19" according to Brahmagupta's table: hence the apparent sun 
at midnight = O0 sign 20? 22' 50" ; the sun's daily motion, 57' 46", 


The moon's mean longitude= 5 signs 4° 7' 12", the moon's apogee 
= 4 signs 8* 40' 6", 7. the moon's mean anomaly = 0 sign 25° 17' 7" ; 
hence the moon's equation = 2° 6' 30"; the apparent moon 
= 5 signs 2° 0' 55" ; the moon's daily motion = 729 39". 

Sun = 0 sign 20° 22' 50” ; 
Moon = 5 signs 2° 0' 39" 
Sum = 6 signs 1° 23/ 32" ; which is in excess of 6 signs 
by 1° 23' 82" or 83! 22", 
83! 82" _ 8932" 
Sun's daily motion-- Moon's daily motion 780 257 
represent the time when sun + moon will be 6 signs or 180°. 


Now, days 


- cti m = 89 82" x 57/40" ygn 

.. correction to sun = 7B6' 95/7 = 0 8". 
Correction to moon=83! BI" — 0! S'z 77! 94". 

Longitude of the moon's ascending node=4 signs 5° 27' 46". 


| _ 89'39"x3' 11" — an 
Correction to the node — — 800 257 — NY. 


© 


Thus at the time when the sum of the longitudes of the sun and 
the moon is 180°, the longitudes are :— | 


Of the sun- O sign 29° 16' 51" 

Of the moon= ^ signe 0° 43' 9" 

Of the node= 4 signs 5° 28' 6", 

These are the longitudes at TU dps da, or 6 ghatilás and 22 palas 
preceding the midnight. At this time from the sun's longitude 
=( sign 29° 16/ 51", his declination= 11° 28' 82 —0688' 32", 


~ 


`è 
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Now, 
Moon = § signs 0” 43' 9" ; 
Moon's node = 4 signs 6^ 28' 6" ; 
— — 77 
^  Moon- node = Ô sign 25°15 3 ; 


^. the moon's celestial latitude= 115° 19”. 


Hence by the rule of the Khaudakhddyaka, the moon's declina- 
tion —688' 32"--115' 13" = 80 45". Hence the declinations are not 
equal and the time found is not the time for eyatipdta. The next 
step is to subtract the moon's celestial latitude from its declination 
and to find the moon's longitude for which the declination is equal 
to the remainder of the subtraction. 


Sun's declination= 6685' 32" ; 


Moon's celestial latitude= 115!45"; 
Difference 577 47". 


Now 579 47" is the declination for the longitude 24° 3 48” or 
5 signs 5° 56/ 12", 


Hence the longitude of the moon at which the moon's declination 
will be nearest to that of the sun= 5 signs 5° 50 12", 


The moon at midnight = Ssigns 2° O 33’. 
Difference = 3° 55! 39. 


The moon’s daily motion being 728’ 59”, the corresponding time ts 
235! 39” x 60 
728! 50" 
motions of the sun and the node are respectively im these 19 gh. 
44 palasz19', and 1^ 3", 


ghatikás = 19 gh. 44 palas, atter midnight. The 


Hence at this time, i.d., 19 gh. 44 palas after midnight, the 
longitudes of— 


The sun = Ô siga 29° 41' 59”, 
The moon = fsigne 6° 60' 12", 
and the node =4signs 5" 26’ 42", 
Now the sun's declination = 11° 37' 89". 
The moon's — he 9° 40 41". 


»  » Celestial latitude = 9° 17' g”. 
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Again, sun's declination — moon's celestial latitude= 9° 20! 80”, 
Taking 9* 20' 30" to be the moon's declination, 


the moon's longitude = 5 signs 6° 28’ 48", 


The moon's longitude at midnight= 5 signs 2° 0’ 39" 
Difference = . 4° 287107 


^ the next approximation to the time of the vyatipáta is 


4° 28! 10" 4° 28' 10" x 60 i 
qas B07 Cays. ieo "qoe — gh. 





= 22 gh. 3 palas after midnight. 


At that time the sun's longitude 
The longitude of the node 
The longitude of the moon 
Now the sun's declination 

the moon's declination 
and the moon's celestial latitude 


= 0 sign 29° 44' 13", 

4 signs 5° 20 36". 

5 signs 6° 28' 48" 

11° 38! 21"; 

9° 20’ 30"; 

2° 19! 15". 

Again, the sun's declination — moon's celestial latitude =9° 19' 6//; 

taking this to be the moon's declination, 


4 


the moon’s longitude 
The moon's longitude at midnight 
^ difference 


5 signs 6" 32' 37”. 
5 signs 2° (' 33", 
4° BY 54! ; 
^ the final approximation to the vyatipüta is 
4° 31' 54” 
am gv ghatikds or 22 gh, 23 palas after midnight. 


At that time the sun's longitude = O sign 29° 44' 32" 


the longitude of the moon's node = 4 signs 6° 20' 35" ; 
the longitude of the moon = signs 6° 32! 27" ; 
the sun's declination zz 11° 38' 28"! ; 
the moon’s declination = p*19' 0"; 
the moon's celestial latitude = 2° 19! 27; 
^. the moon’s true declination = 11° 88’ 8B", 


Now the declination of the moon may be practically taken equal - 


to that of the sun. The time in which this equality or vyatipdta 
takes place is 22 gh. 28 palas after midnight. The length of half 
the night is 13 gh. 51 palas, Hence this vyatipáta takes place after 
8 gh. 32 palas after the next sunrise. 


$ 


4 


Big 
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L 67r 46"= 31! 46". 


Now the diameter of the sun *5 


the diameter of the moon 477 x 728'89'— 20' 30" ; 


7 half the sum of the semi-diameter=30'38” ; this is gained by 
the moon in 2 gh. 44 palas. Therefore the vyatipdta begins at 
5 gh. 48 palas and ends at 11 gh. 16 palas after the sunrise. 


As to the duration of the ryatipdta, Bhiskara says— 


“a fanaa): wifersrel wet WIDTH | 
azami UeuupewpcaerqWupwepcw uer gsirerep wer wr. S 


i.e., "it is the middle of the pāta, when the centres of "the sun and 
the moon have the same declination; the pāta ends later on when 
the foremost part of the sun's disc and the hindmost*part of the 
moon's disc have the same declination." Hence the calculation of 
the duration of a pala has the same nature as the calculation of an 
eclipse. 

This practically finishes the first chapter of the Khandakhddyaka, 
Prthüdaka gives some additional rules which are detailed below. 


(i) The calculation of the duration of the sun's passage from 
one sign of the zodiac to the next. The directions are (a) first find 
the instant when the sun's centre is at the junction of the two signs ; 
(b) then multiply by 60, the sun's semi-diameter, and divide by the 
sun's apparent daily motion ; apply the quotient which is in ghatikds 
negatively and positively to the instant when the centre of the sun 
is at the junction of the two signs. "Thus are obtained the instant 
of the sun's transit from one sign of the zodiac to the next. In the 
same way find the durations of the end of nakgatras or of tithis, 


(i) The next topic treated by Prthüdaka, is to find the Lord 
of the year, "This rule is: add 319 to the ahargana as found from the 
Khandakháüdyaka, and divide by 360 ; multiply the quotient by 3 
and increase the product by 3 ; divide the result by 7 ; the remainder 
counting from Sun in the week day order gives the Lord of the year. 


lilustration —Let the ahargana be 72675, then 72675+319= 

860x202--274; again 202x3-F3—7x87-F0. Here the remainder 

is O or 7, hence Saturn is the Lord of the year of which 274 days 
v 


———————————YY———————— 


* Qrahaganito, Patadhihara, 15-16, Comm, 
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have passed and will continue to be the Lord of the year for 88 
days more. 


(ai) To find the Lord of the month, add 19 to the Khanda- 
khádyaka ahargana, and divide by 30 ; double the quotient and add 2 - 
now divide by 7; the remainder of this division gives the Lord 
of the month from the Sun in the week day order. 


Illustration :—Let the ahargana be 72075 as before : increased 
by 19 it becomes 72694. Now 72604 —30 x2423--4 and 2423x242 
=7x602+4. Thus Mercury is the Lord of the month. 


(iv) The Lord of the day is found from the ahargana. The Lord 
of the hour is thus found: find the number of hours elapsed since 
sunrise, multiply the number by 5, add 1 to the product, divide by 
7. The remainder counted in the» week day order, from the Lord 
of the day, gives the Lord of the hour. 


Illustration,—It is proposed to find the Lord of the sixth hour 
of a Tuesday. 


The number of hours elapsed is 5 ; now 5 x 5+1=26=7 x 8+5. 
hence Saturn is the Lord of the sixth hour of a Tuesday. 


This finishes the first chapter of the Khandakhádyaka which 
relates to the finding of tithis, nakaatras, ete, 





CHAPTER II 
On the Mean and True Places of * Star’ Planets. 


l. Deduct from the ahargana 496 —1, and divide by 
687 ; the result is the mean Mars in revolutions, etc. ; again 
divide the ahargana by 174259, add the quotient taken as 
minutes to the revolutions, etc., obtained before. 


| | _ (ahargana —A96+ 1) ahargana . . 
Thus mean Mars— — — revols. + 174250 min. 


Now in à Mahàüyuga, the number of civil days=1577917800 ; - 
,', the number of Mars’ revolutions in a Mahdyuga 


1577917800 1577917800 
— 687 . '*"*t 174258 x 00x300 C" 





x 399 - — 
= ( 2206823 + üg7 * 07086 revolutions 


= (2296828:580780-4- 410214) revolutions 
= 2296824 revolutions. 


Thus according to the Khandakhádyaka, the number of Mars’ 
revolutions in a Mahdyuga is taken at 2296824. 


The mean Mars, therefore 


= aliargana x 992068494 
1577917800 "CYO 


- AIRA na ——— 
087 


— 9206894 
= ahargana | ahargana ——— ahargana 
= 687 y — 208 687 )} revois 
2200824 


= dem rev. + ahargana x — min, 
288 x2x2 
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_ ahargana | ahargana f 
687 rev.4- aako 183 min, 
11 





52 s 
— hargana ahargana |... = "is. : 152 
= 537 rev, 174959 "nin. rejecting the fraction 1152 


in the denominator. 
Again the ahargana til the beginning of the Khandakhddyaka 
epoch = 1375565 — 687 x 2002 -- 191. 


Asi 1875565 revols. 
gun 174259 x 60 x 360 





1375565 x 687 
—174259 x 60 x 360 à  '25 — 
arren. aana. y A a: 


.,. 191°25 is fhe positive additive. Hence the negative Agepa 
—687—191°25—496—}. 


The true value of the numerator of the fraction = is “25105. 


Hence the excess of Mars’ revolution left out — “00105 revols. 


687 
—1''9B89, for which Brahmagupta directs the addition of 2" to the 
calculated mean longitude of Mars, Ch. I, st. 7. 


Illustrations.—(i) Take 1 for the ahargana, then the daily motion 


UC 1 
of Mars— 687 rev. + 174250 


= 81' 26” +40"= 81' 26”. 
(i) Let the time be Saka year elapsed 786. The ahargana is 72675 


min. 








í _ (72075—490 -- 1) 72075 .. 
.". the mean Mars = EIEE — rev. * 174259 min. 
_ 7217925 72015 
cor MB — rev. + 174250 vis 
= 105 rev, O sign 23* 11' 10/ 4-25". 
s = 0 sign 28° 11 41”. i 


To this must be added 2" sccording to stanza 7 of Chapter I. 
.'. the mean Mars at the midnight of Lanka, at the end of 786 


of Saka year=0 sign 28° 11/ 49", ^ T M 


M 
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2. Multiply the ahargana by 100, and lessen the 
product by 2181 and divide it by 8797 ; the quotient is the 
Sighra of Mercury in revolutions. Increase the result 
by the minutes of arc obtained from the aliargana divided. 
by 71404. 


Here the Sighra of Mercury 


-2 — 
— hargana x 100—2181 Iv dhargana 


B707 71404 





min, 


The number of civil days in a Mahdyuga ia 1577917800 ; hence 
the number of revolutions of Mercury in a Mahdyuga 


_ 1577917800100 . — , 1577917800 _. 
ES 8797 rever MO RU 


(17930998:9769 + 170231) rev., 
= 17937000 rev. i 


Thus the number of revolutions of Mercury in a Maháyuga, as 
accepted in the Khandakhddyaka is 17937000. 





„`. the longitude of the Sighra of Mercury 








ahargana x 17937000 |. — ahargana x 100 
i — — mae LETTO — aed 
1270 

— 9hargana x ,00 ahargana x 100 vA ahargana x 100 ; 

8797 ax Pd emen —Wwer t" 
> 17937 
— “hargana x 100 ahargana 
= wm "t S707 =x aaazo7 ?I- 

860000 

— ah argana x 100 — — ruin. 

9727 71404 





aAärgona x 100 rev. + — min., rejecting the fraction = 
in the denominator of the inte term. This proves Brahma- 
 gupta's rule, 

6 
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Again the ahargana till the beginning of the Khandakhádyaka 

epoch =1375565 , 

and 137556500— 8797 x 156306 + 6608 


— 1875565 x8707 





AN ES 1375565 — 
71404 71404 x 21600 
8797 
I 7: 84584 rev 
8707 l 


.'. the positive additive= 6608 4-7 84584 
= 66156 84554. 
2181-15416, this ia taken at 2181 and 


.". the negative Kscpa = 


> — " o ^ ^ 
the error 15 8707 = 22 116 seconds 


In its place Brahmagupta directs the subtraction of 22" seconds 
from the longitude of Mercury, vide Ch. I, 7. 
Illustration :—(a) Let the ahargana be 726795. 





... 53201500 — 2181 72075  . 
The mean Mercury — — 8797 rev, + 71404 "Pin. 
= 825 rev. 1 sign 23? V 33// 4- 1^ 1" 


= lsign 23" 10’ 34", 








From this 22" have to be subtracted. 
Thus the mean Mercury = 1 sign 23° 10/12” at midnight at 


Lanka. 
(b) ‘To find the daily motion of Mercury. 


.. _ 21600 x100 | . 1 ; 
It is = aT min. + £151 min. 


= 4* 65! BO. 


3. Deduct from the ahargana 2113 — 3, and divide by 
4332, the quotient in revolutions, etc., is the mean Jupiter, 
when diminished by the number of degrees obtained from 


the ahargana divided by 162621. a 
- Here the mean longitude of Jupiter 


akargana —2118 + _ ahargana 
<a  Tepean d 
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Hence the number of Jupiter's revolutions in a Mahdyuga 


— 1577017800 _ 1577917800 


— 


— — rev. 162621 
364246*05290— 2605284 rev. 
= 804220 00006 rev. —364220. 
Thus according to the Khandakhddyaka, the number of Jupiter's 
sidereal revolutions is accepted at 364220. 











degrees, 


Hence the mean longitude of Jupiter 


aha rgana x 864220 








= 1677917800. "9l. 
= —thargana — revols 
4382 + 116760 ; 
364220 
Q hargana a  Nahargana —— ahargana 
4853: or 4332 i52 2 18 m is 
224 
— “hargana Wels ahargana — 
4332 eggs degrees. 
162621 i 
1946 
ahargana _ ahargana TY 
Jasa rev. 182891 degrees, rejecting the small 


fraction in the denominator. 


Again the ahergana till the beginning of the Ahandakhddyaka 
epoch — 13755095, 
and 1376565 — 43932 x 317 -- 2321. 


1375565 1875505 x 4332 


Again (5159] 0°87 —153521x 8360  '*" 
4932 


.. 101-78656 
XE Cs me he 


Now 2321—101-78656 is the positive additive. 

.*. 4882 — 2321 -- 101: 78650 or ; 
. 2112: 786506 is the negative ksepa: in its place Brabmagupta takes 
2112-8 for the negative Kgepa. 
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Thus there remains a residue of 


01344 
* 4332 
mean longitude of Jupiter as determined by the rule. 


of a revolution 4", Hence 4" nre to be added to the 





Illustration :—(a) Let the ahargana be 72675 
Then the mean longitude of Jupiter 


— (26751— 2113) _ ahargana 4. 
BM ^ dee (et 


= 16 rev. 3 signs 18° 59! 41" —0*? 20' 49" 
= Ssigns 13° 26 52", omitting the entire revolutions. 


To this mean longitude by adding 4, we get for the midnight at 
Laika, the mean longitude of Jupiter, 
= 8 signs 13° 26/ 56", 


(b) To find the mean daily motion of Jupiter. 


21600’ 60x60 
4832 162621 


= 4’ 50/—o0"=4' 50". 


It is=—_ seconds, 


4. Deduct from the ahargana 37} and multiply by 10 
and divide by 2247, the quotient in revolutions etc., 1s the 


mean Venus-Sighra (heliocentric Venus) when increased by 
the number of degrees from the ahargana lessened by 712 


and divided by 77043. 


The mean longitude of the Sighra of Venus is thus 


= fahargana—37})10 rey. + ahargana — 712 





2947 Y Ti04$ degrees. 

Hence the number of the sidereal revolutions of Venus in a 
— _ 1577917800 x 10 1577017800 ^ 
vient i al ps: "C. rev 77048 X880 ^ - 

= 7022881-10814 rev. + 56: 80167 rev. : 
= 7022387 90981 ae 
a = 7022388 nearly. 


Thus according to the Khandakhádyaka, the number of sidereal - s 


revolutions of Venus is token at 1022388. Fete 


«X -§ 
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The longitude of the Sighra of Venus 
ahargana x 1021 B88 lütions 
1577017800. °° 


uhargjana x U 
— uhargana 10 . = ahergana x 1 — 





~ 15779178000 9047 — 127836 
7022388 
ahargana x 10 
TED GL EREUR — Ki | t rev. 
2947 rev, ahargana x] [rm 
ahargana x 10 ahargana 
=n rey. + degrees. 
2247 : T7043 —92013 Er 
1278360 
— “hargana X10... 4 ahargana 


——————— lecting the small 
0347 re 77043 degrees, neglecting ema 


fraction in the denominator which =*‘2504. This proves the rule 
of Brahmagupta, 


Again the ahargana till the beginning of the Khandakhddyaka 
epoch =1375505. 


Now 1376 5650= 2247 x 6121 +1763. 


f 65 " 
— 137556530 137550250 x 224 





—T3048 degrees= — — ? [3x 300 rev. 
2247 
_ 111:44244 
E 2947 


The positive additive 1763+ 111:44244 
= 1874-44244 
.'. the negative additive — 2247 —1817:44244 
= §72°55756. 
Again Brahmagupta's ksepa quantity- 
571 x 10 7 NAT 


a 872°5 o ‘057586 
. GMs; oc - 


872-56 7580 | 
= 797 ~~ revolutions. 


4 
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872-565756 
As calculated, the ksepa= — 329417 V 


m -000026 
-- i erence ms 2247 rey = 
= ‘014 secs, which is neglected. 


Illustration : —(a) Let the ahargana be 72675 as before. 





| — _ (72675 —371)10 7 675—712 
Then the mean Venus's Sighra= 2244 "Y+ 343048 
degrees, 


= $23 rev. 8 signs 5° 34! 3" --0* 50/ 2", 
= 3 signs 6° 30 5", 
(b) To find the mean daily motion of the Sighra of Venus. 
lt c= Ixl 29600 — © f "n yn 
is = 3247 56-5 1° 36° B +0", 


= 1° SH 8”, 


5. Deduct from the ahargana 249124 and divide by 
10766; the quotient in revolutions, etc., is the mean Saturn 
when lessened by the minutes of arc obtained from the 
ahargana divided by 80450. 


The stanza says that the mean longitude of Saturn 


_ ahargana—24914 ahargana 


Hence the number of sidereal revolutions of Saturn in a 
Mahā yuya 
1577917800 6777800 
10765 *°*-~ g0450=360x60 '*" 
= 140564 908044 rev. — : 908039 rev. 
= 146504-000005 rev. = 146564 revolutions. 
^ the mean longitude of Saturn 


M ecc ahargana x 140504 | 
1577017800 revolutions, 
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_ ahargana ka) { i rev 
E FOO eee ere. tois a O — 
140564 


|. ahargana | ahargana — 
= 10766 7*"-—80460— 41604 nin. 





hari al i i 
D ML. Rp 








in the denominator of the second term. ‘This proves Brahmagupta’s 
rule. 


Again the ahargana till the beginning of the Khandakhádyaka 
epoch —13755095. 


1375565 = 10766 x 127 + B2B3, 


. 1375505 x 107606 : 
J——UBD MR NEANA 00000 00 -— M y "M3. 
Again 304 x JI800 8:5222 


Hence the positive additive=8274°47771; the negative ksepa 

= 10766 —8274 47771 =2401°52229 ; in its place Brahmagupta takes 
M ; ^ '0229 x 1296000 | 220 x 120-0 
2401 5. Thus n residue of 10766 seconds, P -P — 10766 
secs, —2'' 70 seconds or 3", must be subtracted from the mean longi- 
tude of Saturn as found from the rule, vide Ch. i, 7 


Illustration ;—(a) Let the ahargana be 72075 as before. The 
mean longitude of Saturn at midnight at Lanka 


.72075—2401:5 | 172075 


10766 Oy: Bi 





= 6 signs 6° 60’ 177—54" ; subtracting 3" also we get the longi- 
tude of Saturn=6 signs 6° 49 207. 


(b) To find the mean daily motion of Saturn. 
It is= pal min. = 2' min. 


. 6 (Ist half. Of planets beginning with Mars, the 
degrees of longitude of the apogees are respectively 11, 
22, 16, 8 and 24, each multiplied by 10. 
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The longitude of the apogee of Mars = 110°= 3 signs 20°. 


T T T Mercury =220°= 7 signs 20°. 
T T Jupiter —160^? = 6 signs 10*, 
e» T " Venus= 80°= 2 signs 20°, 
e. T T Saturn —240*? = & signs 0°. 


Cf. the Sürga-siddháünta of the Pañcasiddhāntikā, xvii, 2. 


6 (2nd half) and 7. Of Venus the equation of apsis is 
like (i.e., the same as) that of the sun, of the son of the 
moon (i.e., Mercury) is the same doubled, of Mars it is 
five times, of Jupiter the same increased by {th and 
doubled, of Saturn it is the same increased by ,,th and 
quadrupled. 


This stanza says that the equations of apsis of the '' star planets '' 
are to be obtained from those of the sun in the following way :— 
Venus's equation= Sun's equation, 
Mercury's .,, = Sun's equation x 2, 


 Mara's 4, = Sun's equation x 5, 
Jupiter's ,, = Sun's equation x (1-- 1) x2, 
Saturn's  ,, = Sun's equation x (1-F 4) x4. 


The dimension of the sun's epicycle of apsis being 14°, it follows 
that the dimensions of the epicycles of apsis are, for Venus 14°, for 
Mercury 28°, for Mars 70°; for Jupiter 32°, for Saturn 60°. 

These are in agreement with those of the Sürga-siddhánta of the 
Pancasiddhantika, and those of the Paulisa tantra, as quoted by 
Amaraja. Cf. the editor's paper Áryabha(a, already referred to. It 
is further clear that the corrections to the mean motions for the 
apparent motions of these planets are to be obtained from the 
corresponding corrections to the sun’s mean motion by using the 
same multipliers. We shall consider the different dimensions 
of the epicycles in the appendix. 


8-9, Mars, by the degrees of Sighra anomaly (i.e., 
anomaly of conjunction) of 28, getting at the correspond- 
ing equation of 11° rises (heliacally) in the east ; by the 
next 32° gets 12° more of the equation; by the next 30°, 
10° more; by next 31°, 7° more; by next 14°, ialf e 
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degree ; these are positive ; by the next 13°, negative 3° ; 
by the next 16°, negative 12°; after this he is retrograde ; 
by the next 9°, negative 15°, by the next 7°, negative 
124°. After this the parts of the equations occur in the 
reverse order. 


The above two stanzas give the parts of the equations of conjunc- 
tion of Mars thus : — 






l 
Increase of the — of con- 

















junction... a og" gg" m "n ori T 
Increase of the — of con. | | 
junction... ^ it" 12° (10° | 7" |0*30^ | 3" | 12^ | 13") 19°80’ 

















Nature of the parta 






Degrees of anomaly Equation of 
of conjunction conjunction Phenomena 





— ö— HEN —— 


0? Motion direct. 
+11" Hises in the east. 
+ 23° 
+ 30° 
+ 40" 
+40" 30' 
4-37" 30 
+25° 30! Retrograde motion begins, 
+12° 30° 
0° oF 
—12° 30 
—25° 30’ Direct motion begins. 
—87* 30’ 
—40° 80/ 
— 40? 
— 83° 
— 28° 
—11* 
i" 


Sets in the west. 





2 eee 
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These Sighra equations sre caleulated on the supposition that 
Mars's epicycle of conjunction has a periphery of 234°, when the 
circumference of the concentric is 860°. The radii of these circles 
may be taken to be 284 and 360 units respectively. 

In the figure given below, let S, E, P, be the positions of the sun. 
the earth and Mars, respectively. Complete the parallelogram 





SEMP; with M as centre and MP for the radius describe a circle. 
This circle is the epicycle of conjunction of Mars. Produce EM to cut 
this circle at K. The Z PMK= 2 S'SP,* the angle gained by the earth 
over Mars since the preceding conjunction. The ZPMK is 
called the Sighra anomaly or anomaly of conjunction. We tahe 
EM =8360, and MP—234. The Z PEM., which is equal to Z EPS, the 
annual parallax of Mars, is called the Sighra equation. The Z MPE 
is equal to the Z SEP, the elongation. The 2 PMK is given, and PM 
and ME are also given. Hence in the triangle MPE, we have 


tan 4(P—E)— EL wp- tan 4 PMK, 


120 
— E04 tan 4 PMK. 


e L tan 3(P -E)=log ( ina ) +L tan 4 PMK, A cones (1) 
We have also ` ` 
(PE) =4 ¿PMK s.r... (2) 


Now log ( i )=1 ‘8265841, 





1 s . Tbe point $ is on BS produced, | à 
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The values of the ; PMK and the ZPEM and Brahmsgupts's 
values for the latter may be presented in a comparative view :— 


LPMK - 28" | 60° | 90° 121* 135* 148* 164" | 178* 











stall 39*50' | 40'23 | mi*m1' | 25*82'| 12°35’ 
| 


—— — 
LPEM == 10°58" l - J 


Brahmagupta'a 
value of 7 PEM 11* 




















40°30" | 37*30'| 25*30 | 12*850/ 





23° | s3* | 40° 


| 








It will be seen that Brahmagupta gives the values of the equation 
within th of a degree. It seems inexplicable why such discrepan- 
cies should remain in Brahmagupta’s calculations. It is probable 
that he wanted to state his equations to the nearest half a degree. 


Again he says that Mara’s retrograde motion begins when the 
Sighra anomaly is equal to 164". This requires examination, The 
longitude !, of P is given by 


—nt—658--E, where n represents the sun's mean daily motion, 
t, the number of days elapsed since S was at the origin of celestial 
co-ordinates, 9 is the angle PMA and E stands for the angle PEM. 
It ia evident that nt —longitude of 8, 





a A . T trpoos 0 ) 
neces dt V r*--p*--2rp cos 6 
E-—ian^! psn? — where p— MP and r — EM, and are 
r+p cos 6 | 
regarded as constant, 


and a is a constant. 


_ di _ np?-Fn'r?-- pr (n —n') cos 6 
Td TY IIT " 


Hence forthe stationary point marking the beginning of the 
retrograde motion, we must have 
n 7 4. np? 


— ea 
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Now n=69' 8” and n'—31' 26", 
or 7» —3548" and n'- 188060, 
n-4-n'—5434", p—234 and r=860: 
.. cos = —-959089, 
S. 00 = 108? 27. 
Brahmagupta states its value to be 164°. Cf. The modern Sürya- 
siddhanta, ii, 53. In the Brühmasphuta-siddhánta the value given 


is 163. This last value is copied by Lalla in his Sigyadhibriddhida, 
n, 47. 


Again the elongation for the heliacal rising of Mars is indicated 
tobe 17°. "This is in agreement with Aryabhatiya, Gola, 4, and 
Brühmasphuta-siddhünta, ii, 51. 


10-11. The son of the moon (i.e., Mercury), by 51? of 
Sighra anomaly, getting at the Sighra equation of 13° rises 
in the west; by 38° more of the Sighra anomaly, 7° more of 
the equation ; by 31° more of the anomaly 14 degrees; these 
parts are positive ; the parts then become negative ; from 
this point by 26° more of the anomaly, 5°; he then becomes 
retrograde; by 9° more of anomaly, 3} degrees; he then 
sets in the west; then by 25° more of anomaly 13° more of 
the equation; then in the reverse order east ward. 


These stanzas mean tbe following table for Mercury: — 


Increase of | Tocrease of the Ru ' 
Sighra anomaly | Sighra equation Sighra anomaly | Sighra equation) Phenomena 
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We now proceed to examine the equations. 


M' 





Let E, S, M, be respectively the positions of the earth, sun 
and Mercury. With S asthe centre with radius SM describe a 
circle which is Mercury's orbit or the epicycle. 
Asin the case of Mars, if ES be taken—560°, then SM is here 
=182° ns appears from the mean of the resulta from the first three 
figures of the equations. If on this assumption, the equations are 
worked out, for the values of the angle MSK, vis., 
61°, 89°, 120°, 146°, 155°, they become 
13° 3’, 20° 1’, 21° 15/, 16° 25, 18° 4' ; 

while the values given by Brahmagupta are 
18°, 20°, 21° 30', 16° 30’, 18* respectively. 

Evidently 21° 30’ in place of 21° 15/ is an error of calculation. If 
from 21° 30', the distance SM be calculated, taking ES=860, then 
SM becomes 138'5 nearly. 

From E, draw EM’ parallel to SM ; then exactly as in the 
case of Mars, 

l=nt—6+E, where / is the geocentric longitude of M ; 
nt the longitude of M’ ; @the 2 MSK, 
24n/ r? +p 

di — ro» rrt *; where n, n’ are the respective 
angular velocities of M' and S about E, p 8M, r—ES. 

The value of 6 for the stationary point is given by 

np*-HFn'r* | 
(0 prin) ' 
where n= 4° 5'n2" = 14782", 
and n= 59! 8” = 3548"; 


cos 6= 
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oos f= et ae — — 8248299. 

* 02146*84' which according to Brahmagupta is 146°. 

The elongation for Mercury's heliacal rising is indicated to be 
15°, for it is the Z MES in the figure. This agrees with Aryabhata. 
Cf. Aryabhatiya, Gola, 4. According to the Brahmasphuta-siddhanta 
this angle is 14°. 

12-13. Of Jupiter getting at the equation of conjunc- 
tion of 24 degrees by the anomaly of 14° and rising in 
the east, the parts of the equation are by 40° more of 
anomaly, 6° more of the equation ; by 36° more of 
anomaly, 3° more of the equation ; by 18° more of the 
anomaly, 10' more of the equation; these are the positive 
parts of the equation and from this are stated the negative 
parts ; by 22? more of the anomaly, negative 1° 30° more; 
he then becomes retrograde; by 14° more of anomaly 
negative 2° more ; by the next 20° of anomaly, negative 
4° more; by the next 16° of anomaly negative 4° more of 
the equation; then the parts of the anomaly and of the 


equation occur in the reverse order. 


Here we are given the following table for the Sighra equations 
of Jupiter: — 
| 


Ps pope of the re icd | Sighro anomaly | Sighra equation 


89 


+ 2°)’ 


20 
20° 
m0 
o 
y 
o 
o 
o 
o 
y 
ay 
20 
20 
20' 
y 
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Jupiter being à superior planet the figure for its epicycle will be 
the same as that for Mars. A preliminary examination of the table 
suggests that in the case of Jupiter MP=72, when EM =3860. The | 
calculated values of the Sighra equation for the values of the — 
anomaly, vis., 

: 14°, 54°, 90°, 108°, 180°, 144°, 164°, 
are the following :— 

2° 20, 8° 14', 11° 18’, 11° 28’, 9° 58/, 7° 59', Be 54’, 
while they are given by Brahmagupta as — 

2° 20’, 8° 20’, 11° 20/, 11° 80’, 10°, 8°, 4°, 

Perhaps a closer agreement could be obtained by taking 
MP=72'5. 

Again the value of the Sighra anomaly for the stationary point 
of Jupiter is given by : — 


2 9 
Np PM T here p=72, r=860, n=59' B", m! 


con C= pr (n --n') 
=4' 69" 
57143232 
= — 6178070 
v did 90714240 ' 


.. 6 = 124° 58’, which may be taken at 125°. This agrees with 
the Brühmasphufa-siddhánta, ii, 48. But the Khandakhüdyaka 
indicates it to be 130? ; this latter result is in agreement with the 
Sürya-siddhünta, ii, 59. 

Again the elongation for Jupiter's heliacal rising is indicated to 
be 11? 40’. "This is not in agreement with the Aryabhatiya. 


14-15. The son of Vrgu (i.e., Venus) getting at the 
equation of 10° by 24° of Sighra anomaly rises in the west; 
by 39? more of anomaly, gets 16? more of the equation ; 
by 33° more of anomaly, 12° more of the equation ; by 
279 more of the anomaly, 7° more of the equation; then 
by 18° more, 1°} ; these parts are positive ; the next ones 
are negative; by 13° more of the Sighra anomaly, negative 

. 492; by 11° more, negative 10? more; he then becomes 
retrograde ; by 12° more, negative 24° more ; by 3° more, 
negative 8° more; from this the parts occur in the reverse 
order as before, 


- 
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These stanzas give the table of Sighra equations of Venus for the 
different values of the Sighra anomaly :— 











Increase of Increase of Sighra Sighra 
Sighre anomaly |Sighra equation anomaly sae tion Phenomena 
— ———sss— He ] a———————————Á — — a 
o o o Motion direct. 
24 * 10 24 Rises in the west. 
a9" * I6* 63 
33° +12" 96 
27° 47" 123” 
18° *1*15 t41" 
15" — "I5 154" 
11° —10° 165° ^47 Retrograde mo- 
|, tion ing. 
12" = 234° 177 + m Sete in wes. 
8" -B* 180 o" | 
a" -—B" 183° — = Rises in the east 
12* -24 195° —32" Direct motion 
begins, 
11° —-10* 206" — 42° 
13° — 4"15" 219° —46*15 
18* *1*15 237" — 45 
27° +7 204 — 36 
33* + 19° 207 — 26 
30° + 16° 336 — 10" 
24" +10° 160” | 0“ Sata in the esat, 


This tsble readily yields the result that SM (in the figure for 
Mercury) is taken at 260, when SE is 300, The calculated values 
of the Sighra equations for the values of the Sighra anomaly, vis., 

24°, 638°, 06°, 123°, 141", 159". 166°, 171*, 
are 10° 2’, 25° 51', 37° 51', 44° 57' 46° 1', 42° 4’, 81° 44’, 7° 49, 
while Brahmagupta’s figures are 

10°, 26°, 38°, 45°, 46° 15’, 42°, 32°, 8°. 

Again the anomaly of conjunction or the Sighra anomaly for the 

— point of Venus is given by— 
2 2 
cos 8 = — "s where p 2200, r 300, n!'—90' 8", n=59' B"; 
pr (ntm) ' 
S. 0 = 167° 2. 

Thus the Sighra anomaly works out to be 167° nearly, but 
Brahmagupta here indicates its value to be 165°. This is in agree- 
ment with his Braéhmasphuta siddhánta, ii, 48; the modern Sürya- 
Siddhanta gives its value to be 163°, Ch. ii, 64. . 


In case of an inferior planet, the Sighra equation itself representa 
the elongation. In the case of Venus the — — 
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rising and setting is indicated to be 10* in the west, and in the east 


the same is indicated to be B^. The mean of the two values is in 
agreement with the Aryabhatiya, Gola, 4. 


16-17. Saturn, by 20° of the Sighra anomaly, getting 
at the equation 2°, rises in the east ; then by 36° more, gets 
3° more of the equation; by the next 20°, 1° more of the 
equation ; by 20° more, 20° more of the equation : the 
parts of the equations are positive up to tbis; henceforth 
they become negative; by 20° more of the anomaly, 
negative 20° of the euation ; he then becomes retrograde ; 
by 17° more of the anomaly, negative 1° more of the 
equation ; by 22° more, 2° more ; by 25° more 3° more ; 
then parts come in the reverse order. 


The above two stanzas give us the table of Saturn's Sighra 
equations; it is as follows ; — 

















Increase of Increase of | Sighra | Sighra | 
Sighra anomaly | Sighra equation | anomaly | equatíon Phenomena 
o | 0 0” | Motioo direct. 


+92° 20" 49* , Rises in the east. 


We readily infer that MP (in the figure for Mars) is taken to be 
40, when EM=860. The calculated values of the Sighra equations 
for the Sighra anomalies, of— 

" 20*, 66°, 76°, 96°, .116°, 188°, 155*, 
are respectively, 
1° 68/, 4° 67’, 5° 60’, 6" 28, 6°, 6* 2r, 2° 59' ; 


8 
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LI 


as given by Brahmagupta, they nre, 
295, 5*,,0*, 0* a0, 0*, 5", B*. 

Brahmagupta's values aro to be considered fairly accurate as he 
used a very rough trigonometrical tablo. 

Again the Sighra anomaly for the stationary point of Mars is 
given by 

coa 6 = — "xw ; where n=59' 8", n'z2', p=40, r=360. 

pr (nn!) 

S. 6 = 118° 42. 

Hence according to this calculation Saturn would be at the 
stationary point at about 114° of the Sighra anomaly; in its place 
the angle is here suggested to be 116°. According to Brühma- 
sphuta-siddhünta the angle is 113°, while according to modern Sürya- 
siddhdnta it is 115°. 

Again tbe elongation for the heliacal rising of Saturn is indicated 
to be 18° ; according to Aryabhata it is 15°. 


18. To the mean planet apply half of the Sighra 
equation; from the planet thus corrected, calculate the 
equation of apsis, and apply half of it to the corrected mean 
planet. From the mean planet as corrected for the second 


~ time calculate the equation of apsis and apply the whole ~ 





of it to the mean planet with which the calculation began. 

From the planet, thus corrected, calculate the Sighra — | 
equation and apply the whole of it to this last corrected Tus. 2. 
planet, the final result is the apparent geocentric us — 
longitude of the planet. "The Sighra diminished by the 
mean becomes the Sighra anomaly. 







Haro are indicated four distinct operations to find the g 
longitude of » 'star-planet.' In the third operation to o the n 
planot at the starting is applied an equation of apsis whi h doe 
This is not intelligible, In any — | 
sre not intelligible, The natural steps n n 
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inferior planet to apply the elongation to the centre of the circular 
orbit. Itis difficult to see the necessity for such a complex rule. 
This very rule occurs in the Aryabhatiya, Külakriyd, 23 ; Brahma- 
sphuta-siddhdnta ii, 40, and also in the Surya-siddhanta ii, 44. The 
concluding part of the stanza defines the term Sighra anomaly. 
We illustrate the rule from Prthüdaka's example. 


Illustration.—To find the geocentric longitude of Mars at the 
Saka year 785 and 12 synodic months. The ahargana is 72675. The 
mean sun as corrected for the midnight at Kurukyetra = 11 signs 
19° 11' 22". The mean Mars as corrected for midnight at Kuru- 
ksetra = O sign 23° 10’ 50", But in place of these longitudes, 
Prtbidaka takes the mean sun = 11 signs 19° 11/ 19" and the mean 
Mars = 0 signs 23° 10’ 50", Here the mean sun is the Sighra of 
Mars; hence the Sighra anomaly, 

Mean sun — mean Mars. 
11 signs 19° 11’ 19° — O signs 28° LO’ 50”, 
= 10 signs 26° 0/ 20" = 826° 0' 29", 
Hence by Brahmagupta's table of Sighra equations for Mars, we 
get the corresponding 
Sighra equation = — 18° 14/50" ; 
this halved = — 6° 87! 25”. 
The mean Mars = O signs 23° 10 50”; 
P aie the mean Mars 
as corrected by the 
lst operation 
Longitude of the apogee of Mare = 8 signs 20° 0' 0” 
The mean anomaly = 8 signs 26° 83! 25" 
.. the sun's corresponding equation from Brahmagupta's table 
ofthe sun = + 182' 51" 


^ +, Mar's equation of apsis = 5 x sun's equation 


+ 664' 15" 
This halved = + 337 8” 
a ; = + 5° 82’ 8” 
The mean Mars as corrected by the 1st operation 
= 0 sign 16° 31 25. 
."S the mean Mars as corrected by 2nd operation 
= 0 signs 22° 5! 35” 


i d 


= 0 signs 16° 38/ 25". 
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Now longitude of the apogee of Mars = 5 signs 20° Ọ Q" 
the mean anomaly = U signs 2° 533” 
-. the sun's corresponding equation from Brahmagupta's table 
= 133! 18"; 
Mars’ equation of apsis = 11° & 30", 
The mean Mars before 1st operation = O0 sign 23° 10’ 50", 
-. the heliocentric longitude of Mars = 1 sign 4° 17! 20". 
Again the Sighra of Mars = 11 signs 19° 11" 19", 
the Sighra anomaly = 10 signs 14° 53’ 59" 
^. the Sighra equition by Erobnagupta ^s: table 
= — 17? 24! 45", 
Now Mars' heliocentric longitude = 1 sign 4° 17' 20”, 
.. Mars’ geocentric longitude = 0 sign 16° 62! 85", 


This illustrates the method of the Khandakhddyaka, for finding 
the geocentric longitudes of Mercury, Venus, Mars, Jupiter, and 
Saturn. The equations of npsis are given at the interval of 15° ; the 
results obtained by taking proportional parts are rough. As to the 
table for Sighra equations they are not very accurate and 'proportional 
parts” would never lead to mathematically correct results.* 


19. In the same way are to be found the apparent 
daily motions of these planets: the daily motion of the 
Sighra diminished by the apparent daily motion in the 
third operation becomes the divisor for arcs passed over 
and the arcs to be passed over of the Sighra anomaly for 
the heliacal rising and setting, retrograde motion and the 
like. By means of this daily rate of increase of the Sighra 
anomaly are obtained the days passed over and to be 
passed over of any of the above phenomena. 


lllustration.—(a) To find the apparent daily motion of Mars 
nt 785 Saka year and 12 synodic months. 

Mare’ Sighra motion = 59' B" 

Mars’ daily mean motion = $1’ 20" 

.. the daily motion of the Sighra anomaly = 27 82" 

The tabular differences at the 1st operation = 12°, for the inter- 
val of 82° 








* Brahmagopta in the Uttara Khangakhadyoka, Ch. 1, however, gives better — 
methods of interpolation to make up for his rough tables here. 
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.. the increase of the Sighra equation for 27' $2”, 
27! 92^ X12 .. 10! 19" 
E. pm 10! 19/", 
This hulved = 5' 10". 
As this is obtained from the positive tabular difference of 12, 
this last result is applied positively to the mean motion. 
The mean daily motion as rectified by the first operation 
= 3l' 20/ 4- 5' 10" =3 B6", 
In the second operation, the tabular difference is 6’ for the 
interval of 900’, hence the apparent daily motion as corrected by the 
second operation 


= 36 36" + — 


LI 


4 a0' 30" xo 
X ——————— , | the mean anormal 
OD ip — y 


lies in the third quadrant, 
= 37! 55". 
In the third operation, the tabular difference is also 5' for the 
interval of 900, hence the apparent daily motion as corrected by the 
third operation, 


zz251 26/—5 x - as the mean anomaly lies in the 


97! 55" x 5 
900 
fourth quadrant. 
= 80! 2B", 
; the daily motion in Sighra anomaly = 59' 8" — 30! 23” 
= 28' 45’; this will be used 
later on for finding the time of heliacal risings and other phenomena. 
The increase of the Sighra equation for 28’ 45" 


= 287 46" x12.. io 47v, 

D 82 

As thia is obtained from the positive tabular difference of 12, it is 
applied positively to the rectified motion of the third operation, 
Thus the apparent daily motion of Mars- 80 23" -- 10' 47", 

= 41! 10". 


(b) From Mars’ longitude as caloulated before, vía., O sign 

16? 52/ 35", and the mean sun's longitude which is 11 signs 19° 11’ 
< 19" it is seen that the elongation from the mean sun= 27° 41' 16”, 
again the elongation for setting — 17°. It is proposed to calculate 
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in how many days more will Mars set heliacally. 
suggested by Brahmagupta is this : — 


The Sighra anomaly at the fourth operation 
the Sighra anomaly for setting in the west 


The method 


= 10 signs 14° 58/ 59”, 
= 11 signs 2°, 


^ the Sighra anomaly to increase by 17* 6' 1^, 
rato of the Sighra anomaly = 28! 45’: 
. ; 17^ o 1" 
^ the time after which Mars will set = dg 4p» days 


85 da, 41 gh. 21 bín. 


This finishes the second chapter of the Khandakhddyakakarana 
which relates to the mean and apparent longitudes and daily motions 


of the ‘star planets." 








CHAPTER III a 


Un the Three Problems relating ta 
Diurnal Motion. 


1. 159 divided by 16, 65 divided by 8, and 10 divided 
by 3; multiplied severally by the equinoctial shadow 
(i.e., of a stick 12 units high) are the binddis of half the 
variation of a day from 30 ghatikds at the end of the Lst, 
2nd, and 3rd signs of the zodiac respectively. 


The term equinoctial shadow means the length of shadow on 
the horizontal plane of a stick of 12 digits set up vertically on the 
ground, at noon of the day on which the sun is at either of the 
equinoxes. If $ be the latitude of the station, it is taken = 12 
tan +, although this should strictly be = 12 tan (ó —sun's semi- 
diameter), if the shadow be measured by the umbra. 

The arithmetical figures of this stanza have already been 
considered in Chapter I, stanza 21. It now remains to give here the 
rationale of the rule:— | 


R sin 8x12 tan $ R 
12 R cos 6 ` 

According to Indian astronomers, half the variation of a day, 
lies in the diurnal circle between tbe horizon and the six o'clock 
circle (i.e., the great circle passing through the celestial poles and 
the east and west points). The ‘sine’ of this arc in the diurnal cirele 
is called Kujyd ; which reduced to the great circle becomes the 
‘sine’ of cara or 4 variation of a day.* 

For arriving at the equation given above, two similar right-angled 
triangles are used. 
— The first of these is thus constructed on the armillary sphere :— 


R sin (4 variation of a day) = 


From a point of intersection of the diurnal circle of the sun and the 


- 6 o'clock circle, let two perpendiculars be drawn, one on the line 


£, 


Maa — — 6 6 — ON 


. Bhüskara I, Gola, vii, 1l. 
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of intersection of the diurnal circle and the horizon ; and the other 
on the east-west line passing through the observer. Then the two 
perpendiculars constitute the two sides of a right-angled triangle ; 
the first is called the kujyd or ‘earth sine,’ the second is the distance 
between the diurnal circle and the celestial equator and is equal to 
the 'sine' of the declination. The third side which is on the horizon 
is equal to the distance between east-west line and the line of 
intersection of the diurnal circle and the horizon ; this side is equal 
to the ‘sine’ of the amplitude and called the agrā. This triangle 
is thus stated by Brahmagupta in Brüáhmasphuta-siddhánta, xvi, 61, 
“The base is the ‘sine’ of the declination, the perpendicular is the 
kgitijya (or kujyá) and the square root of the sum of the squares ~ 
in the agra or the ‘sine’ of the amplitude.” 

Of this triangle one acute angle is equal to the angle between 
the horizon and the six o'clock circle, and is equal to the latitude 
# of the observer. 

The second triangle has its base equal to the gnomon, 12 digits 
high, and the perpendicular equal to the equinoctial midday 
shadow of the same gnomon. This triangle has one acute angle 
= ¢, the latitude of station. 

From the above two similar right-angled triangles, we have, 

kujyā : R sin 6 = Equinoctial shadow ; 12, where 6 is the 
sun's declination. 

oye = R sin 5 x Equinoctial shadow 


Now this kujya isa ‘sino’ in the diurnal circle of radius = R cos 6. 
[t becomes the carajyd, when reduced to the great circle. 


: T ETE R 
R sin (cara) = ——-— x Equinoctial shadow x H oos 


2. Multiply the number of minutes of the daily motion 
of a planet by the number of binddis of ascensional 
difference or cara and divide by 3600 (i.e., the number of 
binüdis in a whole day); apply the resulting minutes 
negatively to planets at mean sunrise and positively to 
planets at mean sunset, when the sun is in the northern 
hemisphere and in the inverse order when the sun is in 
the southern hemisphere. . 


This stanza has been already explained in Chapter I. See stanza | 


zw! 
TJ 
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3. Fifteen, respectively diminished and increased by 
the ascensional difference when the sun is in the northern 
hemisphere and respectively increased and decreased when 
the sun is in the southern hemisphere, doubled will give the 
lengths of the night and the day in ghatikds. 


This is the same as the 23rd stanza on Chapter I, 


4. The durations in binüdis of the risings of the first 
three signs of the zodiac at Lankà (i.e., on the equator), 
are 278, 299, and 323. These diminished by the binddis of 
local ascensional difference are the durations of the risings 
of the three signs at one's own place. The figures written 
in the reverse order aud increased by the ascensional 
difference in the reverse order are the durations of the 
risings of the next three signs at the observer's place. 


The meaning of this stanza is presented in a tabular form : — 









Duration in BinAdis of the correspond- Duration of the 
binddls of the ing ascensional difference rising of the sign 
rising of the sign at Kurukpetra acc. to at Kurokgetre 
on the equstor Prthbüdaka in binddis 
















Aries... 278 — 69 200 
Taurus ... 200 —57 249 


| | 
| 
| 








Cancer ... 823 +23 | 346 
Lei Y 200 +57 356 
Virgo... 278 : 469 347 
Libra se. 278 ' + 89 - 347 
Scorpio ... 299 +57 356 
Sagittarius 323 " 428 346 
Capricorn 323 —98 800 
Aquaris ... 200 —h7 242 


Pisces ... 278 — 69 209 
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The binddis of ascensionsal difference for each sign of the zodiac 
have already been considered in Chapter I, 21. It is first necessary 
to explain how the durations in binddis of the risings of the signs 
on the equator are obtained. 

The method is thus expressed by Bhiskara in his Grahaganita, 
Spastadhikara, 54, 55, Commentary, thus :— 


“The ‘sine’ of the last point of Aries in the ecliptic is tbe hypote- 
nuse, the 'sine' of the declination of the same point is the per- 
pendicular......... , the square root of the difference of their squares 
is the base and is a 'sine' in the diurnal circle of the same point. 
In this way the ‘sine’ of two signs is the hypotenuse and the ‘sine’ 
of the declination of the same is the perpendicular, and the square- 
root cf the difference of their squares is a ‘sine’ in the diurnal 
circle of the last point of Taurus. In the same way the ‘sine’ of 
three signs is the hypotenuse, the 'sine' of the maximum  declination 
(of the sun) is the perpendicular and the smallest radius of the 
sun's diurnal circle is the base. These bases are reduced to the 
great circle. These bases are multiplied by the radius and divided by 
the radii of the respective diurnal circles and taken as 'sines' of the 
arcs, of which the first represents the duration of the rising of Aries, 
the second of the first two signs, the third of the first three signs '' 


pP Let O be the centre ‘of the 
armilary sphere ; P, the north 
celestial pole ; rMQ, the celestial 
equator; rSC the ecliptic, rT = rQ 
= 90°, PSM a secondary to the 
equator, IfrS = 1, SM = 8, the 
declination of 8 ; Sn = ‘sine’ of I. 
Here nm is the sine of rM jin the 
diurnal circle of S. Here ZSnm 
= ZCOK = w, the obliquity of 
the ecliptic; CK = R sin w, OK. 
= N cos w, Sm = R sin 5, Sn = R sin I. 
^. Sm: Sn = CK CD, 





ó Rega m Runia sn — 5 * 
Again nm : n8 = OK; OC, : | 
S. wm R sin ! x R cos w ] f. aet 
p t5 
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N R 1 A = nm | 
ow FH sin rM R cos 8 x H, = 











: ES R «in ! x R cos w R 
o M R — —ÁÓ RR a —— —— 
sin rM 5 x i cos 
LR sin Lx H Coa t£ | 
or R sin R.A, — , where R.A, stands for 
— R cosa 5 
the arc rM T: = ah (2) 


Now the values of 8 at the end of 1, 2, and 3 signs are respec- 
tively *:— 








As worked out 


Acc. to Brabmagupta accurately 


6, = 1440" 


| 
— 708/ —— et ee 





And the values of R.A. for 1, 2, and 3 signs as calculated 
are respectively * — 


Phe. | Dillerences, | DOM egy 
R.A,.=| . 27° 49! 27° 40 278 278 
JH.Ag.—| 57° 49! 20° 54! 209 29) 
R.Ag.—| 90? 32* 17' 323 323 


This proves Brahmagupta's rule. 


Now we consider the time interval for the rising of the arc! 
at a place of which the latitude is ¢, 
^ The obliquity of the ecliptic has been taken to be 24^, as in all Hindu 
astronomical works. 
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Let NPZQ' be the observer's meridian ; N, the north point ; P, 
z the celestial pole ; Z, the zenith ; 
j Q', the culminating point of the 
P equator ; NS'r, the horizon ; 
r, the east point, to which 
the first point of r coincides ; 
CSrC', the ecliptic. The arc 
rS=l PSM is the secondary to 
the equator; SS’ a part of 
the diurnal circle of S. The 
time in which rS rises above 
the horizon is represented by 
ZLSPS! in the figure. 





Now zS8PS! = rPS—rPS' 
= :IPS—(S'PQ'—Q'Pr) 
= rPS—(half day —6 hours) 
= rPS-—ascensional difference for 5. 


Here rPS represents the time in which! length of are rises on 
the equator. Now by putting! — 1,2, or3 signs, we have the 
local intervals (sidereal) for the risings of 1 sign, 2 sighs and 3 
signs. Now each of these subtracted from the next gives the 
durations in which the signs of the zodiac severally rise. at any 
place. Thus is proved the second half of the stanza. 


5. The sun (ie., the sun's longitude) increased in 
proportion, from the time in ghatikds elapsed since sunrise, 
by means of local time durations for the rising of the signs 
of the zodiac, becomes the orient ecliptic point ; again by 
making the sun (i.e., the sun's longitude) equal to the 
orient ecliptic point by the local time intervals for the 
rising of the signs, is found the time elapsed since 
sunrise. 

Illustration.—(a) To find the orient ecliptic point at 6 ghatikds 


elapsed since sunrise at Kuruksetra ; the sun's longitude being at 
that instant= 11 signs 19° 46/ 36’. 


Here the remainder of Pisces —10* 18/ 24'— 013' 24”, 
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The time in which Pisces rises is 200 binádis, 


^ the time in which 018' 24" rises — ua — binádia 
= 71:222 binàádis 
= 71 binddia. 
The time elapsed since sunrise 
= 5 ghatikas= 300 binddia. 
Now from 300 binddis, 
subtract 71 binddis for the residue of Pisces, 
also 200 binddis for the sign Aries, 


A 20 binddia of the duration of the rising of ‘Taurus is 
also passed; 


and 20 binddis of Taurus corresponds to — degrees — or 


2" 28' 45”. 
Now Sun + residue of Pisces + Aries 4-2? 28/ 45” 
= ] sign 2° 28' 45", which is the longitude of the orient 
ecliptic point, 


(6) ‘To find the time elapsed since sunrise when the longitude 
of the orient point is 1 sign 2° 28' 45", and the sun's longitude is 
11 signs 19° 46/ 86", 

Now, 2° 28' 45" of Taurus corresponds to 20 binddis, by the 
converse process, 

Aries corresponds to 200 binddis. 

The residue of Pisces, to 71 binddis by the converse process, 

^ the time elapsed since sunrise= 300 binddis, 

= 5 ghatikds. 

(c) To find the orient ecliptic point at 3 gha(iküs before sunrise 
nt Kuruksetra, the sun's longitude being 11 signs 19° 3b’ 30, 

Now 19° 38! 89” of Pisces correspond to 








19" — "x209 binadis = 187 binádis. 
8 ghatikds = 180 binddis ; 
^ difference = 43 binddis. 


e 
Now 43 binádis of Aquaris = d = 5*1VW 50" ; 
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.. the longitude of the orieat ecliptic point 
= Sun—10° 38’ 80" —5°*° 19! 50" 
= 11 signs 19° 38’ 39/—14° 38’ 30" —5* 19 ğu” 
= 10 signs 24° 40' 10", . 


6. ‘Thirty increased severally by nine, six and one; 
twenty-four, fifteen and five are the tabular differences of 
'sines' at intervals of half a sign. For any arc, the * sine ' 
is the sum of the parts passed over increased by the 
proportional part of the tabular difference to be passed 
over. 


As explained already in Chapter I, the stanza means, 150 sin 15° 
= 80, 150 sin 30? —75, 150 sin 45°= 106, 150 sin 60? = 130, 150 sin 
76*— 145 and 150 sin 90? — 150. 

The method of arriving at the 'sines' is this— 

‘Sine’ of 30? — 150 sin 30°= 75 


‘Sine’ of 60°= /150* —75* = /10875 = Y 16875 x 625_ 3248 


25 ~ 198 
28 
= 129 357 130, P 
-. 'wers' 80* = 150—130- 20. 
‘Sin’ 15° = $4/75* +20" = 8852 = Bg. 


.,. ‘Sine’ of 75°= ,/ 150° o0 


"a 


22 
= 144 95 = 145. 


Again ‘sine’ 45* — A/ o 


=i ee 

= 106 5 = 106. | 
. "The above method is that of Brühmasphu(a-siddhánta xxi, 20.21. — 
The method of extracting the square root is given by Sridhara, in — 
his Triatiká, rule 46. This must have been known to Áryabbata and = 
Brahmagupta and used for calculating the 24 ‘sines’ in a goian —n 


E " * ET vc è i 
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7. The declinations (for ench half a sign) in minutes 
are 362, 703, 1002, 1238, 1388 and 1440, increased or 
decreased by the planet's celestial latitude, according as 
they have the same or the opposite denominations. 


This stanza is the same as the 20th stanza of Chapter I. The 
explanation, ètc., of the stanza have been given there, The method 
of finding the declination for any value of the sun's longitude has 
also been discussed in the exposition of stanza 4 of this chapter. 


8. Diminish or increase the latitude of the place by 
the declination of the sun (according as he is north or 
south of the equator); call the result anagta (/.e., not 
disturbed); the ‘sine’ of the arc got by subtracting the 
anasta from 90 is the divisor of the ‘sine’ of the anmasta 
multiplied by 12. The quotient is the length of the shadow 
of the gnomon at noon. 


If ọ and 8 be the latitudes of the observer and the sun's north 


declination respectively, then 
$—8 = anasgta or the sun's meridian zenith distance. 
The rule says that the shadow of the gnomon 


Rsin(e—5 12 A— .. io tan (5—5), the usual height of the 


= R sin (90°—(e—9)} 
gnomon being 12 digits. 

9. The radius divided by the ‘sine’ of the complement 
of the sum or difference of latitude and the declination, 
and multiplied by 12, is the length of the hypotenuse (i.e. 
the line joining the top of the gnomon to the end of its 
noon shadow) in digits, etc. 

If this hypotenuse be denoted by P, 

| = _Rxi2 _ — —6$ è 6 i e 

then A Roos ($—5) 12 sec (9$ —5), where $ is north 
The rule as the previous one, is evident. 


10. Take the square roots of the squares of the hypote- 
nuse and of the shadow respectively decreased and increased 


A lie 
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by square of sanku (i.e., 144) ; the results are respectively 
the shadow and the hypotenuse. Half the day diminished 
by the hour angle is either the part of the day elapsed or 
the remaining part of the day. 


The moaning of this stanza is clear. 


1l. Put down the radius in two places, divide in each 
place by the hypotenuse of the equinoctial shadow, multiply 
in the two places by $anku (i.e., 12) and the equinoctial 
shadow. The two results are respectively the ‘sines’ of 
the colatitude and the latitude. The arc of the ‘sine’ of 
the latitude is the latitude of the observer. 


Let the equinoctial shadow be denoted by P, and the equinoctial 
hypotenuse by H. Then P = 12 tan o, H = 12sec ¢. The stanza 


says that R cos $ = Eau and F sin $ = BT. 


12. Subtract as many parts as pore of the tabular 
differences of the ‘sines’ from the given ‘sine’ ; multiply 
the remainder by ?00, and divide by the tabular difference 
that cannot be subtracted ; add the resulting minutes to 
900' multiplied by the number of tabular differences passed 
over ; the final result will be the are corresponding to the 
given ‘sine.’ 

A rule for finding the arc when the sine is known, is already 
explained in Chapter I, 32. 


13. The radius increased or decreased by the ‘sine’ of 
half the variation of the day (i.e., sine of cara), is called 
antya or the ‘versed sine’ of half the day. Antyd diminished 
by the ‘versed’ sine of the hour angle of the sun is the 
divisor of the antyà multiplied by the midday hypotenuse . 
The quotient is the hypotenuse of the gnomon tien ges at 
the desired time, 
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According to the rule, D 


= R + R sin (cara), 
= H vers half the day. 


Hypotenuse at any desired time, 


antya 


— antyd= midday hypotenuse 


1 h is the hour angle. 
ERE vask where h i g 


The truth of the rule may be seen thus :—Let z be the sun's 
zenith distance at the time, $ and 4, the latitude of the observer and 
the sun's declination respectively, 


Then, the hypotenuse at any desired time = 12 sec sz. 


The midday hypotenuse = 12 sec ($—5), since (¢—4) is equal 
to the meridian zenith distance. 


We nre to show that 


Rx B sin &x R sin $) 4; 8—8 
(z+ R cos xR 4 cos ; 
12 secs = 


HR x R sin xR sin $ 


R cosa 8 x R cos $ +H cos h 





12 


C—O ———s 
cos 2 sin 6 sin $--cos 6 cos œ cos h 


» which is evident. 

Now we turn to the method by which the rule was obtained by 
Brahmagupta. 

If in the armillary sphere, from any point of the sun's diurnal 
circle a perpendicular be drawn to the line of intersection of the 
horizon and the same diurnal circle, this perpendicular is called 
is(ahrtí ; the perpendicular from the same point of the diurnal 
circle, on the horizon is called 4a^ku. The line joining the feet of 
these perpendiculars lying on the horizon is called dankutala. In this 
triangle, which is right-angled the angle opposite to the 4aAkutala 
i» = $, the latitude of the station. Again if from the point of 
intersection of the diurnal circle and the meridian, a perpendicular 
be drawn to the line of intersection of the diurnal circle and the 
horizon, it is called cheda ; the perpendicular from the same point 
of diurnal circle on the horizon is called the midday daħku ; here 


also the line joining the feet of the two perpendiculars on the north- 
south line is the third side of a right-angled triangle of which also 
one angle is d. 


10 
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From the above two similar triangles, we get the proportion :— 


midday 4anku —— éuanku 


-cheda istahrti ` 


sanku = —itahrtix midday saiku 
zi cheda : 


If H be the radius of the armillary sphere, then, 
R : éanku= Hypotenuse of shadow : 12: 





I2x R 12x Hx cheda 
E f sh ^" = —— EE A ee S 
Dyposume of shadow Safilcu istahrti x midday &anku ` 
. hyp. of midday shadow R 
A EL EE he et E 
—* 12 midday anku 


hyp. of midday shadow x cheda 


hypot h (= 
iypotenuse of shadow istahzti 


Now eheda is readily seen from the armillary sphere to be 
= versed sine of half day in the diurnal circle, 


_ Reog F cos 6 
— (f+ H sin cara) = T 








x paren 


Also istahrti 


= cheda—versed sine of the hour angle in the diurnal circle, 


= —— (R+R sin cara—R + R cos h), 


"en (antya — R vers h) ; | 


hypotenuse of the shadow at any time, 


— hypotenuse of midday shadow x antya. 
antya—R vers h 


which proves Brahmagupta's rule. 


14. Or, the divisor is obtained thus:—Subtract from 
the time elapsed since sunrise in the forenoon or from the 
time to the sunset in the afternoon, the half the variation 
of the day or the ascensionsl difference ; of the resulting 
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arc take the sine and increase it by the sine of the cara 


or the ascensional difference, the final result is the same 
divisor. . 


This is easily seen in the armillary sphere. 


15. Multiply the antyá by the hypotenuse of the midday 
shadow and divide by the hypotenuse of the shadow at any 
given time; then from the antyd subtract the quotient 
obtained, the arc of the remainder taken as the versed ‘sine,’ 
represents the asus (=6 sec. of time) of the incline from 
the noon (i.e., of the hour angle). 


If the ‘versed sine’ of an arc be given, the arc itself is obtained 
from the series of tabular differences of sines by using it in the 
inverse order. This explains the meaning of the word * versed sine.’ 

Brahimagupta's tabular differences of sines being 

80, 36, 31, 24, 15 and 5, the tabular differences of versed 
sines are, 

15, 24, 31, 36 and 39 ; the sines are, 
30, 75, 106, 130, 145 and 150 ; and the versed sines 
5, 20, 44, 75, 111 and 150. 

The above stanza gives the rule for finding the hour angle when 
the shadow of the gnomon or the hypotenuse of the goomon-shadow 
triangle is known. 


If h be the hour angle, it says that 


Rivers h = antya— antyá x midday hypotenuse 
= x Hypotenuse of the shadow 


The truth of the rule is seen thus:— 
We should have, 


= RxR sin 5x R sin $ 
Howe s (8+ R cos 6x R cos 5 





( “om midday hypotenuse ) 
bypotenuse of shadow 


— Roos R cos ($—5) x(1- 12 sec ($— 5) 
“cos $ cos à ^ 12 seca 





76 KHANDAKHADYAKA 





OE ver ku R cos ($ — 5) L (5—5)—cos z t 


cos Æ cos à cos (6 —5) 


R (cos (60—5)— cos cos s] 
cose ceos  — 


or (1 —cos h) cos ¢ cos 8 = cos ($ — 8) —oos 5, 
Or cos 2 = sin 9 sin 64-cos o cos 6 cos h, which is evident. 


We are now to consider how this relation was obtained. 
As in the exposition of the previous stanza, we have, 
midday &ahku _ — 4anku 
cheda iatahrti ' 


choda x $anhku 


ietanrts um em. 
— midday fanku 


Again, datku: R 12 : hypotenuse of shadow, and 
R : midday saiku = noon hypotenuse : 12, 
-. dJañku : midday gaiku = noon hypotenuse: hyp. of shadow; 


cheda x noon hypotenuse 


eee 
'etahrti hyp. of shadow 


Now cheda —igtahrti 
= versed sine of the hour angle in the diurnal circle ; 
versed sine of the hour angle in the great circte 


H 


la 
= (cheda-—istahrti) x .— — 


= antya— antyá x noon hypotenuse 
hypotenuse of the shadow 


rule. This stanza and the next are taken from Bráhmasphuta- 
siddhünta, iii, 44-45. 


16. If the same quotient diminished or increased by 
the ‘sine’ of the ascensional difference according as the 
sun is on the north or south of the celestial equator, be 
taken as the ‘sine,’ the arc of the same increased or 
decreased by the ascensional difference (i.e., 4 the variation 
of the day from 30 ghatikds or 12 hours) is the time 
elapsed of the day in the forenoon or the time to sunset 
in the afternoon. 


. Which is Brahmagupta’s 
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The truth of the rule is seen from the following steps :— 

istahrti —kujyaá = sine of the complement of the hour angle in 
the diurnal circle ; 

"^. the ‘sine’ of the complement of the hour angle 


ET ER Ec ae 
= io rahrti— kujya), 


antya xnoon hypotenuse _ 5 sin (aucensional difference). 


-— — ———— 


hypotenuse of the shadow 


The rest requires no explanation. 


Illustrations : 

(1) Given that the longitude of the sun at noon at Kurukselra 
is ll signs 19° 5% 24”, to find the noon shadow and the noon 
hypotenuse (stanza 8). 

The sun's south declination = 4° 5' 25". 

Again at Kuruksetra, the equinoctial shadow = 7 digits ; 

the latituds of Kuruksetra = 30? 15' 33" ; 
.. the sun's meridian zenith distance 
= 34° 20’ 58” ; 
its complement = 55° 30! 2" ; 
‘sine’ of 34° 20’ 58" = 150 xain 34° 20' 58" 
= Bá” 3H. 
‘sine’ of 55° 30’ 27 = 150 xsin 55° 30 2" = 123” 50’. 
12 x ‘sine’ 34° 20" 58" 
‘sine’ 55° 30 2" 


The noon shadow 


— 12x64" SY _«¢ digits 14/; 


1237 50' 





. the noon hypotenuse = 4/122 (8^ 14/)* 
= l4 digits OU. 
(2) To calculate the noon hypotenuse by the rule of stanza 8, 
The complement of the sum of the latitude of the station and the 
sun's south declination 
= 55° 30’ 2’. 
Its sine = 125” 50 ; 


‘ | 150^ x 12 
. the noon hypotenuse = i128» — 14 digits 33’, 
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(3) To calculate the length of the hypotenuse of the shadow at 
5 ghatiküs after sunrise (stanza 13). » į 
The sun's south declination = 4° 5' 25" ; | 
. .* the ‘sine’ of the ascensional difference 
= 150 tan ¢ tan 6 = G* 15’, 
As the aun is south of the equator, 
R — 'sine' (ascensional difference) 













= 150"°—6" 15' = 148” 4» ; here this is the antyd. i 
Half the day = 15 gh. —23 bin. = 14 gh. BT bin ; 
time elapsed since sunrise = 5 gh, ; - 
.. the hour angle = 9 gh. 37 bin. | 
= 577 bin. | 
= $462 min. of arc. E 
'Versed sine’ of 3402' = 69” 52'. 
Now antyd — R vers h = 143” 45' — 69” 52' > 
- = 73" 53’ ; r E 
4. the required hypotenuse of the shadow * "ES 
i antyá x hypotenuse at noon 7" f e 
ON aniy- vnk — ^ —— 
_ 143” 45’ x 14 digits 32 d | E 
73" 53! 4 
= 2080" 10 _ 


— Bar = 28 digits 16’ ; 


te shadow = em — 
* == 25 digits "l lar 

(4) To find the time — since sunrise at Kurukgetra, whe " E 

tho shadow of the gnomon = 25 digits 7’ ; the sun's south declination 


T fae the latitude of Kurukgetra 30° 15 38" (stanza 15). 


Ag , 


Here the antyá, as before = 142^ 45 ; "(n 
the noon hypotenuse — 14 digits 82; ; 


the shadow = 25 DG 7! L 
ipotenuse of the shadow = | 










via + 
wu = ie pits wo 
"versed — beer angia 





mn) 
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| 14* 32’ 
antyā ( 1-387 16 


iI 


18” 34 


= 1437 45) xjr jy tS 47), 


Versed sine of 57° 13’ nearly; 
ʻe the hour angle = 57° 18'= 943v 
= 572 binddis, 
=  ghatikds 32 binadin. 
Half the day = 14 ghatiküs 37 binddis. 
.. the time elapsed since sunrise= 3 ghatikas 6 hinddia. 


Here 5 binddis is an error of calculation. No illustration of the 
16th stanza appears to be necessary. 


Precession of the Equinoxes.—In all calculations at the time of 
Prthidaka (786 Saka) no allowance was made for the shifting of the 
equinoxes in finding the declination. However out of date and 
incorrect may be the astronomical constants of the Ahandakhddyaka, 
still, should one use them now-a-days for any practical calculations, 
one has to make allowance for the precession of the equinoxes. It 
ia therefore necessary to consider this topic here and to find out a 
fairly accurate mean rate of precession. 


The length of the year in the Khandakhidyuhka. 


1577917800 . _ 292207 i 
-4820000 7"-— "goo “M 


= 365:25875 da. 
The mean length of the tropical year 
=  805:24219879 da. (Newcomb) 
The excess of the Khandakhdadyaka year 
= ‘01655121 da. 
The sun's motion in -01655121 days, 
= 59’ 8’°19x :01655121 days 
= 58/-72685 which should be taken as the mean value 
of the precession for the Khandakhddyaka year. 
"Taking the vernal equinox of the 421 of the Saka era (i.e., 
Aryabhata’s time) to be the beginning of the first point of Aswini 
naksatra, at 800 of the Saka era the total precession would be 


0? 40! 59”, 
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Prthüdaska at this time observed the value of the total precession 
to be 6° 30’, which must be considered as fairly accurate.* 

At the Saka year 1072, the total precession would be 10° 37' 11”. 

" Bhiskara, in 1072 Saka year. observed it to be 11?, which also 
must be considered as fairly accurate. ! 

Again at 1851 of the Saka year the total amount of precession 
would be= 23° 19’ 30", 

Hence we can take 23^ 19’ 30", to be the total amount of the 
precession at 1851 of the Saka era in our subsequent calculations 
relating to the present times. 

It is perhaps not out of place to record here that the 
followers of Aryabhata, from Süryadeva Jajvan's time, adopted the 
value of the precession at ,2,th of a degree, i.e., 59-504 per year. 
According to Manjula (932 A.D.) the mean rate of precession is 
about 59'"-0 per year.5 According to Visnucandra as quoted by 
Prthüdaka in his Comm. on the Braéhmasphuta-siddhanta, x, 54, 
the mean annual rate of precession is 56" 8233 per year. 

The current Siddhdntas which sre of unknown origin and the 
date of almost all of which, must be after the time of Brahmagupta, 
accept the menn rate to be 54" per year, 


This brings us to the end of Chapter III, relating to the 
three problema of the orient ecliptic point, the shadow and the 
local time. 





* Amearija’s Commentary in Pandit Bábuá Misra'a edition, p. 108, 
+ Grohagapite, Patadhikare, Comm. on 3-6. 

$ Pa ameswara's Comm, on Aryabhetiva, Kdlakniya, 10. 

$ Bháeskara's Gola, 18. 


b 





CHAPTER IV : 
On Lunar Eclipses. 


I (1st half). The sun and the moon are made equal 
in respect of minutes, etc., by being decreased or increased 
by the result of interpolation from the ghatikas which show 
the end of the tithi (i.e., opposition), whether elapsed or 
to come. 


As this chapter relates to the lunar eclipse, we start with the 
calculation after the Khandakhddyaka, of the total lunar eclipse on 
the 3rd April, 1931 A.D. The time according to the Saka era is 1852, 
12 synodic months and 15 tithia. Hence the ahargana 4062404, 
on Thursday the 2nd April at midnight at Ujjayini. 


The mean sun = 11 signs 17° 9! 27". 
The mean moon = 5 signs 17° 12! 42". 
The sun's apogee = 2 gigas 20° 0 0". 


The moon's apogee = li signs 4* 50! 307 —35", 
= 1l signs 4° 50 34", 

The sun's mean anomaly = B signs 27° 9 27" ; 

.. the sun's equation = + 134' sin 87° 9/27", 
= 2° 18 50" ; 

,. the sun’s npparent longitude = 11 signs 19° 28’ 17". 

The moon's mean anomaly = 0 signs 12° 22' 8’ ; 

=. the moon's.equation = + 200 sin 12° 22' 8”, 
= + 1° 3/24”: 

.. the moon's apparent longitude = 5 signs 18° 16° 6, 

The sun's apparent daily motion = 59 B" + 20" = 59! 28". 

The moon’s apparent daily motion = 790/85" + 67 9 —R57' 44". 


— "These are the apparent daily motions as caleulated from the 
Khandakhadyaka; but if they are calculated from the rule of Bráhma- 
(Lf nphuta-siddhnta, IT, 41, they become respectively : — 
/—— — — Thesun’s apparent daily motion = 5% 8" + 31", 
| ze = 59 89", 


ADS "aep ru 
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The moon's apparent daily motion 700' 35" + 65! 37", 
= H50! 12" 
Here we adopt these latter values 
Now, Moon = 5 signs 18° 10 6". 
Sun = 11 signs 19° 23' 17”. 
Difference = 5 sigus 28° 52' 49”, 
The required difference for opposition 
= 6 signs 0° 0 OY ; 
,, the difference to be made up by the moon 
zz 1° 7! 11" zx 07! 11" ; 
.. the ghatikás after which this will happen 
67' 11" x 60 
. 856'12" — 59 839" 
= 5 ghatikds 6 binádis 2 bipalas ; 
Le. at this interval of time after the mean midnight at Ujjayini, 
the opposition will happen. 


ghatikás, 


The sun's longitude at that time will be 
= 11 signs 10° 28' 80”. 
The moon's longitude willbe = 5 signs 19° 28 30". 

The time of opposition in Ujjayini local time is thus 2 hours 2 min., 
which in Calcutta local time is 2 brs. 52 min. 83 secs. (the longitude 
of Ujjayini = 75° 52' east, and that of Calcutta 88° 30' east); but 
on that date the 3rd of April the instant of opposition is 2 hours A.M., 
Calcutta time. Thus there is here a difference of 52 min. 83 secs. 


Again at ahargana 462404, the longitude of the ascending — 
according to the Khandakhadyaka, with Pribüdaka's and Lalla's * 
correction = 11 signs 22° $4’ 47" - 


Correction for 6 gh. 5 bin. = — 17" ; 

.. the longitude of the ascending node at the instant of 
opposition = 11 signs 22° 34' 30". 

The moon's longitude 5 signs 19° 28' 30", 

The sun's longitude = |l signs 19° 28' 830". 


| 


. (2nd half), Take the sine of the are got by diminish- 
ing the moon by the node, multiply it by 9 and divide by 5; 








* Talla speaks of a correction of —96' to the node in every 250 years elapsed 
from 421 of Suka era, the total — being taken at — for © integral cycles 
of 250 years. 
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the quotient taken as minutes is the celestial latitude of 
the moon. 


*. 
This has already been explained in Chopter 1. The rule is 
equivalent to this :— 

The moon's celestial latitude = 270' sin (Moon- Node). 
In the above example, Moon — Node 

= 5 signs 26° 54! 0" ; 
.. the moon's celestial latitude nt the instant of opposition 

= 2"(Y sin 3^ t = 14' 31". 


2. The sun and the moon's apparent daily motions 
respectively multiplied by 11 and 10, and divided by -.0 
and 247, are their apparent diameters in minutes. Multiply 
their apparent daily motions in minutes by 25 and 8; one 
sixtieth of the difference of the results (of multiplication) 
is the angular diameter of the shadow in minutes. 


The first half of the stanza has already been explained in 
Chapter I. From this rule the apparent diameter of the moon at 
the instant of opposition under consideration 
10 x moon's apparent daily motion 

247 D i 
10 x 856 12" 


za , 
247 04^ 40/7. 


-— — 


As to the second part, we get from the Aryabhatiya, Gola, 89, 
interpreted in our own way that the diameter of the shadow 


^ = 2 (moon's horizontal parallax — sun's semidiameter 
+ sun's horizontal parallax). 


and hence it is 
2: 2( Moon's apparent daily motion 


11 x sun’s apparent motion 
40 


sun's apparent motion 
Dx 15 Si A 


+ 





H4 KHANDAKHADYAKA 


by the Ist half of the stanza, and from the general view of the 
Hindu astronomers that horizontal parallax =} -tbe daily motion 
of à planet ; 


”. the diameter of the shadow 


_ 8x moon's appt. daily motion —sun's appt. daily motion x 25 


which proves the rule. 
This stanza is almost the same as the Oth stanza of the Bráhma- 
sphuta-siddhénta, Chapter IV. 
We now calculate the diumeter of the shadow for the eclipse 
under our consideration. 
8 x 856! 12" —25 x Si’ 39" 


= NU n. 
80 W I8 


" It is = 

3 (ist half). Subtract the moon's latitude from half 
the sum of the diameters of the obscured and obscuring 
bodies ; the remainder represents the portion obscured by 
the shadow or the obscuring body. . 


Here the moon's celestial latitude 
= 14! 31", 


Moon's diameter = 84' 40", 

Diameter of the shadow = 89' 18", 
Sum = 129 58" . 
half = 01'59" ; 


= .. the portion obscured = 47! 28", which is greater than the 


. * 


moon's diameter, hence this is a case of total eclipse. 


3 (2nd half). If the obscured part is greater than 
the obscured body itself, it is a case of total eclipse, if less, 
a case of partial eclipse. 


4. Take the sum and the difference of the semi- 
diameters of the obscured and obscuring bodies; from the 
squares of the results, subtract the squares of the moon’s 
latitude; from the square roots of the results are obtained , - 
in the same manner as of tithis half durations of the eclipse i 
and of the total obscuration. A : — ^ 

— 
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In the present case, the sum of the sermi-diameters 
= 61' 69", 
Their difference = 27° 19". 
The moon's celestial latitude 
= 14'31" 
* half duration of the eclipse by the rule 
J (61 50”)? — (14^ 81/7? 
7 "—'Bserdav-sorgor "00 ghatikas, 
= 4539033 ghatikds 


And half duration of total obscuration 








V (27' 10")? — (14' ; 1")? — 
SERI Te i 00 ghatikds, 
z174303 ghatikas. 

Thus are obtained the first approximations to the two ends of 
these two phases of the eclipse. ‘Ibe supposition bere is that the 
moon's orbit is parallel to the ecliptic. The successive approximations 
are carried out ss shown below, but the rationale is not clearly 
expressed. 

The next step ia to tuke up the beginning of the eclipse. 


Now the half duration for tbe  beginoing of the eclipse 
—4'5:9033 ghatikds. 
The moon's motion in this time = 64’ 55". 
Motion of the node in this time = 14". 
The moon's longitude at this time = 5 signs 18° 23 35", 
The node's longitude at this time = 11 signs 22° 34’ 44". - 
The moon's celestial latitude = 270 sin 4° I1' 9”, 
, = I9' 42". 
The sum of the semi-diameters of the obscured and obscuring 
bodies = Öl’ 59", 
Hence the balf duration for the beginning of the eclipse 
Ter’ 50")? — (a0 4272 
_ 4 (61^ 50")? — (19 42") | 
BEU 127—590 8t x 60 ghatikàán, 
= 44208 ghalikás which represents the nd approximation. 
Again the moon's motion in 4 4208 ghatikds 
= UV 10. — 
"The motion of the node in 44268 yhatikas 
= 14". 





- 
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The moon's longitude at 4:4288 ghatikds before the opposition 
= 5 signs 18° 25' 207, 
The node's longitude = |] signs 22° 34’ 44". 
The moon's celestial latitude 
= 270’ sin 4° t)' 24", 
= 19’ 34”, 
The sum of the semi-diameters 
= 61’ 59”. 


Hence the half duration for the beginning of the eclipse 
_ 4 (61' 59")? — (19 34")? 








aso q1297—50/ 807 — " 60 ghatikàs, 
4430015 ghatikás, which represents the 3rd approximation. 
Again the moon's motion in these 44300 qhatikás 
= 09 18" ; 
the node's motion in the same time 
= 14"; 
the moon's longitude at 4°430 ghafikds before the opposition 
= 5 signs 18° 25/ 27" ; 
the moon's celestial latitude 
= 270 x sin 4° 9” 27”, 
19’ 34" 


as in the preceding approximation, 


The Indian astronomer would thus conclude that this eclipse 


would begin at 4°45 ghatikás or 4 ghalikás 25 binddis 48 bipalas, 
before the instant of opposition, 


We now take up the calculation of the half duration for the 


end of the eclipse. 


At 4539033 ghatikds after the instant of opposition — 


the longitude of the moon = 5 signs 20* 33' 25”, 
"s T os node = 11 signs 22° 34! 16", 
the moon's celestial latitude= 270’ sin 2° 0' 51", 
= py 29”, 
The sum of the semi-diameters 
-— 61^ 50", 


Hence tho balf duration for the end of tbe eclipse 


= ae a0 29") , 60 ghatikas, 


30" 
= 4°613916 ghatikás, which representa the 2nd approzima- 
tion. 
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Again at 4613916 ghatikāa after the instant of opposition, 
the longitude of the moon = 5 signs 20° 34' 20", | 
and the longitude of the node = 11 signs 22° 34/ 15", 
The moon's celestinl latitude = 270! sin 2°, 
zt 25". 
Hence the third approximation to the half duration for the end 
of the eclipse 


(61 597)2—(9 357)? ., * 
met TTS (Year es 60 ghatikds, 


= 4°6147 ghatikas, 
= 4 ghatikás 36 binádis 53 bipalas. 


As this agrees very well with the result of the last step. according 
to Hindu astronomers the time when the eclipse will end is to be 
taken at 4 ghatikde 36 binddis 53 bipalas after the instant of 
opposition. 

We now take up the times of the beginning and of the end of 
the total obscuration. 


Half the duration of the total obscuration has been approximately 
* found to be 1:74303 ghatikds. 
The longitude of the moon ot 1 74303 ghatikaás before the 
instant of opposition = ő signs 19° 3' 38". 
That of the node = 11 signs 22° 24/ 36" ; 
<. the moon's celestial latitude at this time 
. = 270! sin 3° 30! 58", 
= 16/82". 
The difference of their semi-diameters 
= 27! 19". 
Hence the half duration for the beginning of the total obscuration 
— 4 (27'19")* — (16/ 32") 


F — 00 ghatikás, 


= 1°65055 ghatikás, which represents the second approxima. 
tion, 
Again at 1°65055 gha(ikás, preceding the instant of opposition — 
the longitude of the mcon = 5 signs 19° 4° 57", 


* "a på node = 11 signs 22° 34! 85”, 
<. the moon's celestial latitude = 270' sin 3° 20’ 38", 
= 16 2. 


The difference of their semi-diameters 
= 27! 197. 
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Hence the third approximation to the half duration for the 

beginning of total obscuration 
|  @7 se")? — (10' 20")? a 
= ase 197—859 gon OO ghaieia, 
= 10140803 ghatikás, 
= ] ghatika 38 binádis 27 bipalas, 

Now the next step will yield the same result. Thus we are 
to take that the total obscuration will begin at 1 gha(iká 38 hinddis 
27 bipalas before the instant of opposition. 

We now pass on to find the time when the total obscuration 
wil end. This has been roughly found to be 1 74303 ghatikás after 
the instant of opposition. The longitude of the moon at this time 


will be 
= 5 signs 19° 55' 22". 
The longitude of the node = 11 signs 22° 34' 24” ; 
- the moon's celestial latitude = 270’ sin 2° 41! 2"=12' 39". 


The difference of the semi-diameters 
= 2T 19". 


Half duration for the end of total obscuration 


y (21 1 (27! 19) - — (12! 89")? : 
zz 7 358 198 —50€ SU x 60 ghatikds, 
= 18237 ghatikds. 
Again the longitude of the moon at 18237 ghatikis aftar the 
instant of opposition 





= ñ signs 19" 54’ 32", 
and that of the node 11 signs 22° W 24" ; 
- The moon's celestial latitude = 270° sin 2^ 30’ non. . 
= 19! 36”. 
The difference of the semi-diameters 
= 27' 19". 
Hence half duration for the end of the total obscuration 


27 197]? — 127 B07? 
» - eee 27 a x 60 ghatikds, 


= 11882506 ghatikds, 

= 1 ghatika 49 binddis 32 bipalas, 
17 As the result of the next step will nlao be the same we are to 
take that the total obscuration will end at 1 ghatikü 49 bind — 
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32 bipalas after the instant of opposition. According to the direction 
of Prthüdaka, we put down the time of opposition in 5 places (here 
in 5 lines) and obtain the following instants :— J 


[. 5 gh. 5 bin, 2 bip. — 4 gh, 25 bin. 48 bip., 
= O0 gh, 39 bin. 14 bip., after midnight for beginning cf 
the eclipse. 


II. 5 gh. 5 bin. 2 bip. — 1 gh. 38 bin. 27 bip., 
= 8 gh. 26 bin. 35 bip., A-M. for the beginning of the total 
obscuration, 


III. Sgh. 5 bin. 2 bip. — O gh. O bin, O bip., 
= 5 gh. 5 bin, 2 bip., a.m. for the instant of opposition, 


IV. 4 qh. 5 bin. 2 bip. + 1 gh, 49 bin. 32 bip., 
= 6 gh, 54 bin. 34 bip.. a.m. for the end of total obscura- 


tion. 


V. B5 gh.5 bin, 2 bip, + 4 gh. 36 bin, 53 bip., 
= 9 gh. 41 bin. 55 bip., a.m, for the end of the eclipse, 


In the above calculation of the lunar eclipse we have followed 
the orthodox Hindu method; if we follow the modern method, the 
calculation with the old constants, will proceed as follows :— 


The instant of opposition in Ujjayini mean time is 3rd April, 1931, 
5 gh. 5 bin, 2 bip. a.m. At this time— 

The longitude of the moon = 5 signs 19° 28/ 30", 

That of the node 11 signs 22° 34’ 30". 

The moon's celestial latitude = 14° 31" 871". 

The moon's diameter = $4! 407, 

The diameter of the shadow = 89 18", 

The sum of the semi-diameters 
= 61’ 50”=S8719". 

The moon's motion per ghatikd= 8562 

The rate of change of moon's celestial latitude per ghatika 
= — 67'"38. 

The sun'a motion in longitude per ghatika 
= 5t/r65. 


| 


Now 8, the distance between the centres of the moon and of the 
shadow after 't' ghatikda is given by the equation 
83 = ((B50/2 — 59/765)t)* (871^ — 077-93 x t}? 


12 
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Now put (1) 4=8719", the sum of the semi-dinmeters, 
: 8719? = (706:551)? + (871 — 67*331)2, 


or 0634045:3334! — 117288'R6t — 13072320 — 0 ; 
* ti = —4°446 ghatikds = —4 ghatikdse 27 binddis which by 


the method of Indian astronomers worked out to be —4 h. 26 bin. 
fy=+4°63 ghatikas —4 ghatikás 38 binddis nearly, which 
by the Indian method came out to be 4 ghatikás 37 binadia neurly, 
Again (II) put 5—27' 10" = 1630", which is the difference of the 
semi-diameters, 
The equation now becomes : 
034945-338344? — 11728886! — 1927680 — 0, 
Soa —1*652 ghattkás, =—1 ghatikd 39 binddia which by 
the Indian method came out to be —1 ghatikd 38 binddis. 
Also. t= --1:8378 ghatikds=1 ghatiká 50 binddis, which by the 
Indian method worked out to be 1 ghatikà 49 binddia, 
Hence when the constants are the same, the Hindu method 
though rather tedious leads to almost the same results as the 
modern method. : 


The results of the calculation by the Indian method may be 
shown in a tabular form ns follows :— 












Ujjayini local Calcutta local 


Phenomeos | ime (calculated) | time (calculated) 














1 h. 6 min. 
a0 sec. 


19 Are. 12 mín. | 18 hrs, 23 min. 
2 sec. 


OO Are. 10 min, 19 hrs. 22 min. 
8 sec. 











2 hrs, 13 min, 
aec. 









the totality. 


: Instant of} 2 hrs, 2 min. 2 hrs. G2 min. 
opposition, 390 sec. 





20 hrs, 58 min. | 90 hrs, 7 min. 
4 sec. 


21 hrs, 42 min, | 20 hee. 52 min. 
6 sec, 


29 Ars, 49 min. | 21 hrs, 51 min. 
7 sec. 

















2 hrs, 146 mein. Shee, 396 mín. 
acc, 






End of 
totality. 


End of the! B hra. 53 mín. 4 hrs. 49 min. 
Eclipse. 30 sec. 











The Khandakhádyaka constants thus bring in all the above 
phases of the eclipse by about 50 minutes later than the actunl - 
times, 


5. The apparent daily motion whether of the sun or of — 
the moon divided by 60 and multiplied by the half-durations 
* * 


t e 
- A Á 


uw 
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of the eclipse or of the total obscuration must be repeatedly 
applied, negatively for the beginning and positively for the 
end. Asto the pāta, or the node, the corrections are to 
be applied in the reverse order. 


The motion of the node is retrograde, hence in its interpolation 
for à preceding time the correction is to be applied positively and 
for a subsequent time it is to be applied negatively. The processes 
described in this stanza have already been illustrated. 


6. From the half duration of the eclipse, whether of 


"the beginning or of the end, subtract the desired time . 


after which or before which the phase is wanted ; by means 
of that time find the minutes of arc gained by the moon 
and also the moon's celestial latitude: by the square root 
of the sum of their squares lessen the sum of the semi- 
diameters, the result represents the obscured portion. In 
the middle of the eclipse the same is obtained by diminish- 
ing the sum of the semi-diameters by the moon's celestial 
latitude. 


ilustration.—Suppose the phase is wanted at | ghatiká after 
the beginning of the eclipse. Here the half-duration of the eclipse 
as found in the previous caleulation 
=4 gha(ikás 25 binádis 48 bipalas. 
Now 4 ghatikàs 55 hinddis 48 bipalas — 1 ghatika —3 ghatikds 25 binddia 
48 bipalas, represents the time preceding the instant of opposition, 
at which the phase is wanted. 
The moon wil! be behind the centre of the shadow by 
B gh. 25 bin. 48 bip. (856! 12^ —59' 80") i a., by 45 24" ; 
60 gh. 
The longitude of the moon at that time 
=5 signa 18° 30' 42”. 
Thatof the nodez 11 signs 22° 84! 41” ; 
^. the moon's celestial latitude 
= 270! sin 8° 55! I", 
=18' 20”. 
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Now 4/(45'247)3-- (18 267)? —48' 54", which is the distance 
between the centres of the moon and the shadow. 
The sum of the semi-diameters 
= 01 50” - 
.. the minutes of nrc of the moon's disc. eclipsed 
= 61 50”—48! 54" — 1 y, 


By the converse of the above process the time for a required 
phase of the eclipse may be calculated. 


1. Multiply the ‘sine’ of the hour angle by the. 
‘sine’ of the latitude and divide by the radius; the 
degrees of the arc of which this quotient is the ‘sine,’ are to 
be taken as of north and south denominations according 
as the obscured body lies on the eastern or the western half 
of the celestial sphere: by the sum or the difference of 
these degrees and the degrees of the declination of the 
obscured, increased by 3 signs or 90°, according as they 
are of the same or opposite denominations is obtained the 
variation of the eastward direction of the ecliptic from the 
eastward direction of the disc of the obscured body. 


This stanza gives the rule for calculating the Valana, or the 
variation of the eastward direction of the ecliptic from the eastward 
direction of the obscured body. The rule itself is identical with 
that of the Aryabhatiya, Gola, 45, B.S, Siddhdnta, IV, 16-18, Sürya- 
iddhanta, IV, 24-25. Most accurate rules were first given by 
Bhiskara I, Gola, VIII, 30-74, and the commentary thereon. See 
also Papers on Hindu Mathematics and Astronomy, Valana, by 
the translator. 


The rough rule given here is being illustrated. At the instant 
of opposition, at 5 ghatikds 5 binádis 2 bipalas of mean time the 
hour angle of the menn sun equals 24 ghatikds 54 binádis 58 bipalas, 


Now the apparent sun is ahead of the mean sun on the ecliptic by 
the equation of the centre, vis., 2° 18 50", i.e., by 22 bin, 18 bip. 
Hence the apparent sun's hour-angle=24 gh. 54 bin. 58 bip.+ 

22 bin, 18 bip. 
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Therefore the moon's hour angle 
= bgh.5 bin. 2 bip.—22 bin. 18 bip. x 
= 4 gh, 42 bin. 44 bip. 
= 28° 16/ 24" West at Ujjayini. 
At Calcutta this will be 
= 28° 16° 24+ 12° Ss! 
= 40° 64! 24" West. 
Now the moon's longitude at the instant of conjunction from the 
vernal equinoctial point 
= total precession nt 1853 Saka year 
+5 sigos 10° 28’ 30" 
= 23° 21! 20" +5 signs 19° 28 30" 
= 6 signs 12° 49 57'', 
Therefore, moon+90° = signs 12° 4t! 57" 
Hence declination of (rnoon + 90°) 
= —gsin~! (sin 24" xsin 77° 1 3") 
= 28° 22! South nearly. 
Again ot Calcutta the latitude is 22° 35’ ; 
hence the first part of Valana 
= gin! (sin 40° 54! 24" x sin 22° 35’) 
= 14° 84' South ; 
.. the total variation of the east of the ecliptic 
= 14° 34’ + 23° 22'— 37° 56 south from the east of 
the dise of the moon, 


Note.—Aryabhata, Varihamibira, Brahmagupta and all Indian 
astronomers before the time of Sripati (1028 A.D.), could not 
discover the part of the equation of time due to the obliquity of the 
ecliptic, or that the uniform measure of the ahargana could only be 
got by the mean sun moving uniformly with the sun's mean rate 
not along the ecliptic but along the equator. 


Prthidaka ends his commentary on this chapter by promising to 
explain what to do with this Valana, in the projection of eclipses in 
his exposition of the supplementary part of the Khandakhadyaka. 
But the manuscripts at our disposal give only the beginning of this 
supplementary part and it is not possible to say if he fulfilled bis 
promise. As to the projection of the eclipses see Sirya-siddhdanta, 
VI, Burgess’ Translation. 


This brings ua tothe end of Chapter IV of the Khandakhüdyaka, 
which relates to the Lunar Eclipses. 


- 





CHAPTER V 
On Solar Eclipses. 


As this chapter treats of the eclipses of the sun we proceed, 
according to the Khandakhddyaka constants, with the culculation 
of the solar eclipse on the 9th May, 1929, or t he Saka era 1851, one 
synodic month ; the day of the week being Thursday. The station 
is Calcutta, the longitude of which is 88° 30' E. and the latitude 
22° 85' N. 

Here the oahargana — 461711 at the mean midnight at Ujjayini 
(Ojein ; long. 75° 52’ E., and lat. 23° 11’ N.) on this Thursday. 
0 sign 24° 8/ 67. 

l sign 5° 6 46". 
2 signs 20°. ° 
8 signs 17° 51 35", 

Now. mean moon—mean sun=11° S51 40"; hence the true 
instant of conjunction cannot be calculated by using the apparent 
positions nt midnight. We take the mean longitudes for the 
preceding mean midday at Ujjayini, which were: — 


The mean sun 

The mean moon 
The sun's apogee 
The moon's apogee 


The mean sun = 0 sign 23° 38! 32". 
The mean moon O sign 20° 24! 28". 
The sun's apogee 2 signs 20°, 

The moon's apogee B signs 17° 48' 15". 


Now, the sun's equation = +134 sin 66° 21! 27", 
= +1° 6)" 84”; 
“, the apparent sun = 0 sign 26° 80! 0", ZA 
The moon's equation = —900 sin 48° 23’ 47", = 
= —1 41' 20" ; 
^. the apparent moon = 0 sign 25° 43! 8". k 


Thus the instant of conjunction was already over at the menn | 
midday, the moon having gained 15! 2" over the sun. 
Now, the moon's apparent instantaneous daily motion 


189! 54" x 147 x 91 





<= " l- 
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The sun's apparent instantaneous daily motion 


50 BS x 113 x 14 

= j loan anm a sy f fe ys 

SU 214 x 860 —— 

The difference of their daily motions 

=779' 12"=40742", 

Hence the instant of conjunction 

19 2" x 60 
46742 

= Ujjayini mean moon —1:00381 ghatikds. 

=11 hra. 35 min, 54 secs. a.m, of Ujjayini mean time. 

=12 hrs, 26 min. 26 secs, A.M. of Calcutta mean time. 

=6 hrè. 32 min. 26 socs., A.M. of G. M. T. 


The true instant of conjunction as given in the Conn. des Temps, 
1920, page 52 is 6 hrs. 7 min. G. M. T. Thus there is an error c! 
25 min. in the calculated instant of conjunction. 

The sun's longitude at the calaulated instant 

=0 sign 25? 20 8", which is also the longitude of the moon. 

The longitude of the node at the same instant with Prthüdaka 

and Lalla's correction 
=0 sign 20° 10' 30”. 
The total shifting of the equinoxes from 421 to 1851 of the Saka 
era and one synodic month 
=23° 10 7". 
Hence the longitude of the sun from the true equinox of date 
=48° 45' 16", 
The sun's declination accordingly 
= in! (sin 24° x sin 48° 45! 15") 
=17° 48' 27". 

The hour angle of the mean sun (i.c., the mean sun on the 
»cliptie according to the early Hindu astronomers) at the instant of 
sonjunction = Ohr. 26 min. 26 secs. W. 

- = 6^ 36 30" West. 
sun's equation = 1° 51! 34"! ; 
hence the apparent sun's hour angle = 4° 44’ 50" W. 
= O gh. 47 bin. 20:33 bip. 


=Mean moon at Ujjayini — ghatikde. 


The latitude of Calcutta = 22° 85! N. 
The sun's declination = 17° 48’ 27" N. ; 


*- 
. 
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-. the length of half the day nt Calcutta 
= 16 gh. 16 bin. 46 bip. 
Tho time elapsed since sunrise = 17 gh. 4 bin. 15°33 bip. 
It is now necessary to find the longitude of the orient ecliptic 
point and we need to determine the time durations for the risings of 
the different signs of the zodiac at Calcutta, which are worked 
out below :— 













Durations in Tab. difference | Durations in 








arus for the in asus of ascen- | — asus for the : 
risings on sional differences, risings of signa Sigua 
Equator at Caleutta at Calcutta 












— — — - — — — — — — m 


1609 —297 1372 Pisces 















1794 —243 1551 Aquaris 





1987 — LO 1537 Capricorn 









1937 + 100 2037 Sagittarius 





1794 +243 2037 Scorpio 
1669 4 297 1066 Libra 





The sun's longitude = 48° Xy 15” 
= 1 sign 18° 45! 15^ ; 


.*. the residue of two signs = 11° 14' 45" ; 


this rises in E get asus, 


= 581-41 asus ; 
Gemini rises in 1837 asus ; 


Cancer rises in 2037 asus, 
Total = 445541 asus, 


= 0145:53 asus, 


Time elapsed of the rising of Leo 
= 16900:12 asus, 


1690:12 x 30° 
which corresponda to — 9087 ' 
= 24° 63! 29" seca. of Leo., 
/J,*. the lor gitude of the orient ecliptic point 
= 144° 59’ 29". 
Ww riw 


^ 
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The longitude of the nonagesimal 
= 54° 63! 20/7. 
The declination of the nonagesimal 
= 19° 20! 6”. 
Again, moon — node, at the instant of conjunction 
= 11 signs 26° V 38" ; 
.". the moon's celestial latitude= —270' sin 8° 50! 22” 
= —Ilp/ 4", 
57! 55" x 11 


The 's diam Au Em 
sun's diameter 20 , 


= 31! 5125". 


The moon's diameter = 936! 57” x10 ; 
247 
= 89/ 53/"08, 
It is now necessary to collect all the elements found, before 
we proceed any further. 
(1) The instant of conjunction in Cal. M. T. 
= 12 hrs. 26 min. 26”. 


(2) The sun's longitude at conjunction 
= 0 sign 25° 29! B", 
(8) The total shifting of the equinoctial point from 421 of Saka 
era (i.e., 499 A.D.) till date of eclipse 
= 25° 10’ ;" according to the 
Khandakhddyaka year. 





(4) Sun’s longitude from true equinox 

= 48° 45 15", 
(5) Sun's declination = 17° 48° 27". 
(6) Sun's hour-angle = 0 gh. 47 bin. 29°33 bip 
(7) Length of the day at Calcutta 

= 16 gh. 16 bin, 16 bip, 
(8) Time elapsed since sunrise— 17 gh. 4 bin. 15:38 bip. 
(9) Longitude of the orient ecliptic point 


= 144° 5% 20", 
(10) Longitude of the nonagesimal 

= 64° 593! 20". 
(11) Declination of the nonagesimal 

= 19° 20 5". 


18 à . 
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(12) The node's longitude = 0 sign 29° 19' 30", 
(13) The moon's celestial latitude = —18! 4", 

(14) The sun's apparent daily motion = 57’ 55". 

(15) The moon's apparent daily motion = 8806/57", 

(16) The sun's apparent diameter = 81’ 51:25". 

(17) The moon's ., "n = B3! 53°08". 


(18) The latitude of the station 


22° 85' N. 


We are now in a position to consider the first two stanzas of this 
chapter, which relate -~to the parallactic shifting of the instant 
of conjunction. 


1-2. From three signs (i.e., 90°) deduct the sum or 
difference (i.e., algebraic sum) of the declination of the 
nonagesimal, the moon's celestial latitude and the latitude 
of the station (which is always taken,— in the northern 
hemisphere) ; the ‘sine’ of the remainder is the divisor 
of the square of half the radius ; by this quotient divide the 
‘sine’ of the arc between the nonagesimal and the sun ; 
apply the result, after repeated operations, taken as ghatikds 
which represents the parallactic shifting—to the instant of 
conjunction, negatively when the sun is greater than the 
nonagesimal; and positively when the sun is less than the 
nonagesimal. 


The idea is to find the apparent instant of conjunction at the 
place of the observer. Atthe instant of conjunction the sun, the 
moon (with no celestial latitude) and the centre of the earth are in 
the same straight line. At the place of the observer, the moon is 
depressed from the straight line joining the observer and the sun, 
by the angle which is equal to the difference between the parallaxes 
of the sun and of the moon. The projection of this depression on 
the ecliptie measures the shifting of the moon from the sun in 
longitude, snd its projection perpendicular to the ecliptic, the 
apparent change in the celestial latitude, If this shifting in 
longitude is ahead of the sun, the apparent instant of conjunction is 
"over; if it be behind the sun the conjunction is to come. The abovo 
stanzas teach us how to find this time by which the sopu 
conjunction is over or is to como, 

* 
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All Indian astronomers from the time of Brahmagupta take the 
horizontal parallax of a planet —,', of its daily motion in longitude. 
If n' and n be the apparent daily motions of the moon and the sun, 
then the depression of the moon from the sun-j&x(n'—n) in the 
vertical circle, if at the instant of conjunction both the sun and the 
moon be on the horizon. If in addition the ecliptic be vertical then 
Ts (n/—n) is the deflection in longitude of the moon from the sun, 
Tx es 90 or 4 ghatikds. It 
is this 4 ghatikás, which occurs in the equation for the apparent 
instant of conjunction at the place of the observer. 


Let © stand for the sun's longitude, N for that of the 
nonagesimal, Z' the zenith distance of the nonagesimal; then the 
import of the stanzas may be expressed symbolically thus :— 


which is made up by the moon in 


Z= declination of the nonagesimal--latitude of the moon + lati- 
tude of the station, the latitude of the station being always 
called south (or—) in the northern hemisphere. 


The equation of apparent conjunction 


— nO ghatikds 


4R sin (90* — Z/) 


_4 R cos Z x R sin ((9 —N) 
oT ae: is, 


ghatikds. 


The truth of this equation is seen thus :— 


In the following figure, let PZH be the observer's meridian, 
HEA the horizon, AQN the 
ecliptic, N the nonagesimal, SS’ 
the deflection of the moon from 
the sun; then SS’ = (m.—7,) 
* — where rz, and r, 
denote the horizontal parallaxes 
of the moon and the sun respec- 
tively, Z tho zenith of the 
observer. From S’ and Z draw 
8'Q and ZN perpendicular to the ecliptic, 
ecliptic at N and S meet at its pole II. 





Let the secondaries to the 


m 
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Now SQ = SS'x = cos So 





= (fma R,) X 


R sin ZS , Roos S'SQ 
R Hn ae 

Again sin NS = tan ZN xcot S'SQ, 

also sin ZN = sin ZS x sin S'SQ, 

.. sin NS x eos ZN = sin ZS cos S'SQ. 

5. SQ 4 (i. — 5, ) x sin NSxH cos ZN 

R* 
This deflection SQ is made up by the moon in 


die R sin CER cos ZN ghatikas. 


4x P sin ($O—N)xH cos Z' 


or Re 


ghatikás, (1) 


Again S'Q, the deflection in latitude 
— D eee) ox R Tain ZB ZS „R ze S'SQ 


=y7,(n'—n) x = EN 


zz 4l (n/ — n) x — E = (2 


For the rigid Indian method of working out the above equations, 
the reader is referred to the translator's paper ‘‘ Parallax in Hindu 
Astronomy '' published in the Report of the Indinn Association for the 
Cultivation of Science, Calcutta, for the year 1916, page 15. 


Iillustration.—In the calculation of the proposed solar eclipse 
at Calcutta on the 9th May, 1920, we have found that the declination 
of the nonsgesimal — 19* 26' 5", the latitude of the station —22° BS’, 
and the moon's celestial latitude — — 18 4”, 

^ Z'— —8*? 20! 69", (9 —N - 0* 8 14" ; 


^ the equation of apparent conjunction 
—4 cos 8° QU 59" x sin 6° 8 14" 
—420863 ghatikds. 
= 153*67 asus, 
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(ii) Again the sun's motion in -426863 ghatikas 


= 25! 
The sun's longitude from true equinox= 48° 45' 40”, 
Time elapsed of the day = 0220-20 asus. 
Longitude of the orient ecliptic point = 147° % 35" 
" , +s nonagesimal = 67^ Y 35”. 
Declination of the P = 19° 58' 67". 
Moon's motion in ‘426868 ghatikás = 0° p BI", 
Moon's long. at 426863 gh. after conj. — O sign 25° 35’ 5”. 
Longitude of the node = 0 sign 29° 19' 29”, 
Moon's celestial latitude = 270 sin 3° 44 24" = 
—17' 37". 
Z'= —2° 53y 40" . (99—N = —B* 2W 55”. 
The equation of apparent conjunction = 4 cos 2° 53! 40" 
x sin 8° 28! 55”, 
= -5885 ghatikds 


or 210°06 asus, 
which represents the second approximation. 


(d) Again at “6835 ghatikds after the instant of conjunction : — 


The sun's longitude = D sign 25° 29! 42". 
+ moon's  ,, = 0 sign 25° 37’ 15", 
, node's  ,, = 0 sign 29° 19 28", 
The moon's celestial latitude = — 270" sin 8° 42' 13", 
= — 17 26’. 
Time elapsed since sunrise = 6355-50 asus. 
Longitude of the orient ecliptic point = 148° 7' 49", 
T ^» » nonagesimal = 58° T7! 497, 
Declination of the T = 20° 17 20” 
Z= —2° 40"; ©-N = —0° 907 


The equation of apparent — = 4 cos 2° 40’ x sin 9° 99' 
= 650808 ghatikds. 
284-11 asus, which 


‘represents the third approximation. 
(iv) Again at -650308 ghatikds after the instant of conjunction : — 


''he sun'a longitude = ( sign 25° 29° 46”, 
» moon's T = 0 sign 25° 38' 10”, 
» node's l;i = 0 sign 29° 19' 238”, 


4 moon's celestial latitude = — 270" sin 3° 41" 12", 
= —17' 21", 





102 KHANDAKHADYAKA 


The sun's longitude from true equinox= 48° 45' 53". 


Time elapsed since sunrise = 6037164 asus. 
The long. of the orient ecliptic point = 148° 20' 50". 
The long. of the nonagesimal = 58° 20' 50". 


The declination of the nonagesimal = 20° 15' 25", 
Z'z —2° 30/00" : @-N= —9° $4! 57!'. 
The equation of apparent conjunction = 4 cos 2° 36/ 56” x 
sin 9° 34' 57" 
= ‘665178 ghatikds, 
= 280°46 deus, 
which represents the 4th approximation. 


(v) Again at "665178 ghatiküs after the instant of conjunction : — 


The sun's longitude = 0 sign 25° 29! 47”. 

The moon's  ,, = (sign 25° 38! 25", 

The node's  ,, = 0 sign 20° 10' 28", 

The moon's celestial latitude = -—]17' 21". 

Time elapsed since sunrise = 69384 909 asus. 

Sun's long. from true equinox = 48° 45! 54”. 

Long. of the orient ecliptic point = 148° 323’ 59", " 
» 0» £, nonagesimal = 58° BS’ 39”. 


Declination of the nonagesimal = 20° I8! 24". 

Z= —2* 38/57! ; @©—N= —9° 48' 6", 

The equation of apparent conjunction = '6802508 gha(ikás, which 
represents the 5th approximation. 

(vi) Again at “6802508 ghatikas after the instant of conjunc- 
tion : — 


The sun's longitude = 0 sign 25° 20! 47", 

» moon's ,, = (0 sign 25° 38! 87”. 

» Bodes ,, = 0 sign 20° 10 28", 

, moon's celestial latitude = —17' 20". " 
Time elapsed since sunrise = 6390:42 asus. 
"The sun's longitude from true equinox= 48° 45' 54". "mU 


Longitude of the orient ecliptic point = 148° 30’ 20”, 
" 89 tt nonagesimal = 58° 80! 20", 


- 


Declination of the "t zz 20° 17! ga, Tiar s- 1 
Z= —2*84 49" ; $9—N- —9* 44' 26". : D 
The equation of apparent conjunction = ‘676063 ghatikda, r A 

| = 243°88 aaué, " ee, 


» 
-— 





> 
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(vii) Again at ‘676063 ghatikdsa after the instant of conjunc- 
tion : — 
The sun's longitude O sign 25° 29 47". 
, moon's +, O sign 25° 38! 84". 
» node's ‘i O sign 20° 10^ 28”. 


I 


» moon's celestial latitude = —17 20’. 
Time elapsed since sunrise = 6388'01 asus. 
The sun's long. from true equinox = 48* 45! 54", 

- The long. of the orient ecliptic point = 148° 29 3", 
The longitude of the nonagesimal 58° 20° 8", 
The declination of the vs = 20° 17' 17". 


Z= —2* 35! 3"; ©-N= -9° 49 tv, 
The equation of apparent conjunction = "674507 ghatiküs 
= 242°85 asus, 
which represents the seventh approximation. 


(viii) Again at ‘674597, ghatikds after the instant of conjunc- 


tion :— 
. The longitude of the sun = O sign 25° 20 47., 
T T + £4 moon = 0 sign 25° 38' 33”. 
" " + es node = (0 sign 20° 19 28". 
The moon's celestial latitude = — 17 20". 
Time elapsed since sunrise = 0388:38 asus, 
Sun's long. from true equinox = 48° 45’ 54". 
Long. of the orient ecliptic point = 148° 29! 28”. 
"^ of », DONagesimal = 58? 20! 28". 
Declination of T = 20° 17' 22", 


Z'a —2? 34' 58" ; (9—N — —9* 43° 34". - 
The equation of apparent conjunction = '675008 ghatikás, 
= 243°04 asus, 
which represents the eighth approximation. 


As the result of this approximation is almost the same as the 


previous one, the Indian astronomer would now take that the 
apparent instant of conjunction is "675008 ghatikds or 243°04 asus 
after the geocentric conjunction. At this time of apparent conjunc- 


tion :— 
The longitude of the sun = 0 sign 25° 20 47”, 
: n T re of Moon = 0 sign 25° 38’ 33". 
2 " TED node = 0 sign 29° 19 28". 
Them on's celestial latitude = —]7! 920". 
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Sun's long. from true equinox = 48° 45 54”. 
Time elapsed since sunrise = 0388'58 asus, 
Long. of the orient ecliptic point = 148° 29' 21”, 
93 » » nonagesimal = 58° 20' 21". 
Declination of the nonagesimal = 20° 11' 21". 


Z2 z-—2*14' 50". 9—N- —u* 43' 27". 


Thus in Caleutta mean time, the instant of apparent conjunction 
(which is taken as the middle of the eclipse) is at 12 hrs. 42 min. 


BS socs. 


3-4. The ‘sine’ of the degrees of the sum or difference 
(i.e., Z) multiplied by 13 and divided by 40 is the avanati 
or parallax in latitude; find the celestial latitude from the 
moon for the instant of npparent conjunction : the sum or 
difference according as they are of the same or different 
directions, of the parallax in latitude and the moon's 
celestial latitude, is the apparent celestial latitude. Then 
find the half durations in ghatikás, both of the eclipse and 
of the totality as in the case of a lunar eclipse. 


The parallax in latitude is here given as 


= 1 x 150 sin Z/, and has been proved to be 


n'—n  R sin Z!' 


[E in ⸗ - 


— oR 





=. 





Now the average value of n'—790' 35”, and of n=5 8", and 


R = 150, 


w'—n, 1 781716. 14623" 
15 KR 15x50 45000 


» 





Xu Se a 
$+ 12+ 1+ 18+ T+ 


Brahmagupta takes here the third convergent, viz., 


13 
4o 
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Illustration, —In this particular solar eclipse at Calcutta, we have 
found before that— 


Z! = —2° 34' 59" ; 


13 


.,. parallax in latitude — = x 150 sin 2° 34! 39” 


m =D 11! 
The moon's celestial latitude = —17' 20" ; 


,. the moon's apparent celestial latitude at the instant of 
apparent conjunction = — 19" 31", 


Now the sun's diameter = $1/ 51", 

the moon's diameter = DS 58”: 
,. the sum of the semidiameters = 92 62”. 
The portion of the sun obscured = 19 21” 


(.". the magnitude of the eclipse according to Hindu astronomers 
= 410). 


Hence the half duration of the eclipse 
v (82 52)* — (19 31)? 
S30/ 57" —57' 55" 
= 2203603 ghatikds, 
which represents the first approximation. 


x 60 gh. 


Now taking the moon'a parallax in latitude to be constant for the 
entire duration of the eclipse, we are to carry on the successive 
approximations to (a) the half duration for the beginning and also 
to (b) the half durations for the end of the eclipse. The processes 
of successive approximations are here contracted by the modern 
process a8 shown in the previous chapter thus : — 


Here the rate of increase of the moon's celestial latitude, 
= 65°°185 per ghatikd. 
The rate of increase of the sun's longitude, 
= 57! 02 per ghatika, 
The rate of increase of the moon's longitude, 
= 880° 05 per ghatikd, 


Let t ghatikds be the time in which the distance between the 
centres of the sun and the moon becomes equal to the sum of their 
semidiameters, which is here 32’ 52" ; 


14 
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= (82° 529 =(T7TH'O x t)" + (— It 581" 4- 05" ity), 


„ (= 15267498 + (152074 08)* + 4 x 611187477 x 2517543. 
3 2x011137477 — 


= 2'15074 gh. or — 100881 gh., the first of which is the half 
duration for the end of the eclipse and the second, the half duration 
for the beginning of the eclipse. 


9-6. Again from the time of the middle of the eclipse, 
increased or decreased by the half duration of the eclipse or 
total obscuration, find by ‘repeated process' as before the 
parallax in longitude in time; increase the corresponding 
half duration by its excess over the parallax in longitude 
for the middle; the result will be the corrected half 
duration. Similarly is found a half duration of total 
obscuration. As when the sun is greater than the 
nonagesimal, the sine of the are between (divided by the 
cheda or divisor) is the parallax in longitude, its denomina- 
tion is then negative, so it is positive in the reverse case. 
In this way when the parallaxes for the beginning and the 
middle are both positive or both negative, and that for the 
beginning is less, the half duration is decreased; if 
of different signs the same is increased by their sum. 
Similar is the rule for the end of the eclipse or of total 
obscuration, 


The rule does not appear to be sufficiently clear. Let C denote 
the time for the instant of geocentric conjunction, and m}, mg and 
wy denote the parallaxes in longitude, expressed in time for the 
beginning, middle and the end of the eclipse and let D, and 
Dy be the half durations for the beginning and the end of the 
eclipse, then— 





Time for the beginning of the eclipse = C—-D,scm, 
Time for the middle of the eclipse = Cre 
EU c s vss dud op. ee T = C+ Dorm, 
;. apparent half duration for the beginning 
of the eclipse = D, tro Fay; Ls 


apparent half duration for the end of the eclipse- Dy ms ma. 
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(4) Hence if z,, 2 and ry are all positive, D, is increased and 
Dg is decreased if m) < m}, and ry < wo. 
(b) If =,, *, and ry wre all —, D, is decreased and D, is 
increased, 
(c) If mg is+, and z, is —, z, is +, D, becomes D, +7947, 
and Dy becomes Dy + x4 +179, ete., ete. 
All these rules cannot be combined in any one single rule. 
Illustration, —Tn this particular eclipse the Calcutta mean time 
for the middle of the eclipse has been found before to be— 
12 hrs. 42 min. 38 sece, 
or, 6888'58 asus elapsed since sunrise. 
Half duration for the beginning of the eclipse, 
= ]'90881 ghatikds. 
687°17 asus, 


(i) Now at 1°90881 ghatikás before the instant of apparent 
conjunction— 


The sun's longitude = 0 sign 25° 27' 507. 
The moon's longitude = (0 sign 25^ LI’ 65", 
The node's longitude = 0 sign 25° 19 34". 


The moon's celestial latitude = —19' 24"; 
Longitude of sun from true equinox = 48° 441 n", 
Time elapsed since sunrise = STOLAL aswa, 
Longitude of the orient ecliptic point = 138° 24 2", 


Longitude of the nonogesimal = 48° 20 20, 
Declination of the nonagesimal = 17° 41! 19v, 

Z* —5° 13 5" ; (9) —Nz 24' 1". 
<» the corresponding parallax = — cos 6° 13! 5" 


x sin 23! 55" gl. 
= —'02771 ghafikás, 
Now parallax in longitude for the middle of the eclipse, 
= '6750068 ghatikàás ; 
J^ the corrected half duration for the beginning of the eclipse 
= 2'61159 ghatikás, 
= B20'17 asus, 
(i) Again at 2:01159 ghatikds before the instant of apparent 
 vonjunction— 
‘The sun's longitude = Ô sign 25° 27 16, 
The moon's longitude = Ü sign 25° X 7", 
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The node's longitude 
The moon's celestial latitude 
Long. of the sun from true equinox = 48° 43! 25", 


0 sign 20° 19 S0. 
-20 12". 


Time elapsed since sunrise = 550841 asus, 
Long. of the orient ecliptic point = 136° 22" 5" 
Long. of the nonagesimal = 46° 22! 5”. 
Declination of the nonagesima! = 17° 7' 16". 
T Z= -5°47 56"; | $9—-N- 2° 21/18"; 
.. the corresponding parallax = — "16356 ghatikds; 
.. the next approximation to the half duration for the beginning 
of the eclipse, = 271414 ghtikàás, 


= 980-08 asus. 
(iii) Again at 2°7474 ghatikds before the instant of apparent 
conjunction— 


The longitude of the sun 0 sign 25° 27! B", 


The longitude of the moon = 0 sign 25° O' 14", 
The longitude of the node = 0 sign 20° 1U' 37", 
The moon’s celestial latitude = —20! 2)". 

Long. of the sun from true equinox = 48° 43! 15", 

Time elapsed since sunrise = 5899:50 asus. 
Long. of the orient ecliptic point = 133° 57 36”, 
Long. of the nonagesimal = 43° 52! 36". 


Declination of the nonagesimal 16° 22' 28/!. 
Z= —6° 32' 53" ; @—N= 4? 50! 30" ; 
^. the corresponding parallax = —'88558 ghatikás, 
The parallax for the middle of the eclipse 
= “675068 ghatikàüs. 
* the next approximation to the balf duration for the beginning 
of the eclipse 2-019486 ghatikàs. ! 
= 1051 asus. 


(iv) Again at 2901046 ghafikás before the instant of apparent 
conjunction— 


The longitude of the sun = 0 sign 25° 20 58”. 

The longitude of the moon = 0 sign 24° 57! 50". 

The longitude of the node = Ü sign 20° 19 37". 

The moon's celestial latitude = —2 82", 

Long. of the sun from true equinox = 48° 49 5^, » 
‘Time elapsed since sunrise = 5887°58 asus. . 


Long. of the orient ecliptic point = 182° 57' 58". 
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Long. of the nonagesimal = 42° DT 59. 
Declination of the nonagesimal = 16° 5 27" 
Z= —6° 50! 5! (9—Nz 5? 45! 12", 
The corresponding parallax = — 89815 ghatikds; 
.". the next approximation to the half duration for the beginning 
of the eclipse = 2:08203 ghatikàs. 


= 1073 °53 asus. 


(v) Again nt 2:08203 ghutikda before the instant of apparent 
conjunction— 


0 sign 25° 20 54". 


The longitude of the sun 
The longitude of the moon O sign 24° 50! 57". 
The longitude of the node O sign 20° 1% 37", 
The moon's celestial latitude — " —20' 37", 
Long. of the sun from true equinox 48° 483! 1". 


I 


Time elapsed since sunrise = 6315°05 asus. 
Long. of the orient ecliptic point = 132° 37! 1". 
Long. of the nonagesimal = 42° 37! 1". 
Declination of the nonagesimal = 15° 59! Of. 

Zi= —6° 56/928" ; @—N= 6° 6 0". 
The corresponding parallax in long. = “39566 ghatikds. 


The parallax for the middle of the eclipse 
= “67507 gh. 

Mean half duration for the beginning of the eclipse 

= 1°90881 gh. 

The next approximation to the balf duration for the beginning of 
the eclipse = 297054 ghatikas. 

As this result is almost the same as of the previous step, the 
Hindu astronomers would finally take 2°98 ghatikás or 71 min. 
to be the correct half duration for the beginning of this solar eclipse. 

Now the instant of apparent middle of the eclipse 

= 12 hrs. 43 min. Cal. M. T. 

Apparent half duration for the beginning of the eclipse 

—]1hr.11 min; 
.. the instant of the beginning of the eclipse 
= 11 Ara. 32 min. of 
Calcutta Mean Time. 
We now proceed tc determine the half duration for the end of 


this solar eclipse; this has been approximately found to be 2°15674 
ghatikds = 776743 asus. 
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( Now at 2°16674 ghafikas after the instant of apparent 
conjunction— 


The longitude of the sun = 0 sign 25° 31^ 51". 
The longitude of the moon = 0 sign 26° 8 3&8", 
The longitude of the node = 0 sign 29° 19° a1, 
The moon's celestial latitude = —]14' 58". 


Longitude of the sun from the true equinox 
= 48° 47' 58", 


Time elapsed since sunrise = "7165'01 asus. 
Long. of the orient ecliptic point = 160° 17' 58". 
Long. of the nonagesimal = 70° 17’ 58", 
Declination of the nonagesimal = 22° B0! 65". 

2! e —1f) B8". ; 9—Nz —21° 30. 
The corresponding parallax in long. = +1°4526 ghatikds, 


Parallax in long. for the middle of the eclipse 
= + ‘O7517 - 
Mean half duration for the end of the eclipse 
= 215674 gh. 
The first approximation to the half duration for the end of the 
eclipse = 204417 gh. 
= ]05990 asus. 


(4) Again nt 204417 ghatikds after the instant of apparent 
conjunction— 


The longitude of the sun O sign 25° 32! 38". 


The longitude of the moon = Osign 26° 19 37". 
The longitude of the node = 0 sign 20° 19' 19", 
The moon's celestial latitude = —]14' 8", 
Long. of the sun from true equinox = 48° 48 45", 
Time elapsed since sunrise = 7448°48 asus, 
Long. of the orient ecliptic point = 164° 38' 6, 
Long. of the nonagesimal = 74° 88' ty', 
Declination of the nonagesimal = 28° 6! 20, 

= -10'21" ; @—N= —25* 40 21", 


The corresponding parallax in long. = 1° 74292 gha(ikàs, 
The second approximation to the half duration for the end of the 
eclipse = 022980 ghatikàs. 
= 1160°60 asus. 
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(iif) Again nt 13122380 ghatikda after the instant of apparent 


conjunction— 


The longitude of the sun = 0 sign 25° 32! 54, 
The longitude of the moon = 0 sign 26° 24 31", 
The longitude of the node = 0 sign 20° 19 18", 
The moon's celestial latitude = —1 1". 
Long. of the sun from true equinox = 48° 4)" 1”. 
Time elapsed since sunrise = 7540 18B asus, 
Long. of the orient ecliptic point = 166° 10 al". 
Long. of the nonagesimal = 76° 10! 31”. 
Declination of the nonagesima! = 23° 15/ 54. 

Z- +27' 63". © —-N= —27° 21! 80". 
The corresponding parallax in long. = + 1:8:82 ghatthés 


Parallax in long. for the middle of the eclipse 
= “O7517 gh. 
The third approximation to the half duration for the end of 
the eclipse 0:31977 gh. 
119512 asus, 


(iv) Again at 3°31077 ghatikás after the instant of apparent 


conjunction— 

The longitude of the sun = 0 sign 25° 32' 5n". 
The longitude of the moon = O sign 26° 24’ 51", 
The longitude of the node = () sign 20° 10! 17", 
The moon's celestial latitude = —]12' 55’. 
Long. of the sun from true equinox = 48? 49 0”. 
Time elapsed since sunrise = 768870 asus, 
Long. of the orient ecliptic point = 166° 4% 11". 
Long. of the nonagesima! = 76° 42' 11". 
Declination of the nonagesimal = 28° I 4. 

Z= +81' 9" ; © —-N= —27°* 58 5". 
The corresponding parallax in long. = +1°87)7 ghatikds. 


The fourth approximation to the half duration for the end of the 


eclipse = 03523 ghatikds. 


= 1206'88 asus. 
(v) Agnin at 3/3523 ghatikds after the instant of apparent 


The longitude of the sun = 0 sign 25° 397 1". 
The longitude of the moon = 0 sign 26° 27' 18". 
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The longitude of the node = 0 sign 20° 10 17”. 
The moon's celestial latitude = —12' 43". 
Long. of the sun from true equinox = 48° 49' 8", 
Time elapsed since sunrise = 75905'41 asus. 
Long. of the orient ecliptie point = 166° 52' 60". 
Long. of the nonngesimal = 76° 52' 56. 
Declination of the nonagesimal = 28" 20! 4", 

Z= +32 21” ; @©—N= 28° Y A48". 
The corresponding parallax in long. = 1'B317 ghatiküs. 


Parallax in long. for the middle of the eclipse 

= '67517 gh. 
Mean half duration for the end of tbe eclipse 

= 2'15674 gh. 

The fifth approximation to the half duration for the end of the 

eclipse = 3'85327 gh. 

As the next step will lend to the same result, we are to take that 
the true half duration forthe end of the eclipse =3°35327 ghatikas 
=80 min. nearly. 

Now the Calcutta Mean Time for the instant of apparent 
conjunction = 12 hrs. 43 min ; 


”. the instant of the end of the eclipse 
= 14 hra. min. C. M. T. 






C. M. T. observed or 
Phenomena C. M. T. calculated | calculated from the 
Conn. des Temps. 













‘Beginning of Eclipse | 11 Are, 32 min. 11 hrs, 21 min. li mín, later 


Geocentric Instant | 12 hrs, 26 min. 12 hrs. O min. 26 min, later 
of opposition : 

End of Eclipse | 14 hes, 3 min, 13 hrs. 34 min. 20 mín. later 
This brings us practically to the end of the chapter on the solar 

eclipses of the Khandakhidyaka ; but Prthüdaka brings in two more 

problems, viz., (i) to find the phase of the eclipse nt any desired time 

and (ii) to find the time for any definite phase. His method is 

derived from the Brahmasphuta-siddhánta, and is illustrated below. 


Problem 1. To find the part of the sun eclipsed at Calcutta at 
1 ghatikà after the beginning of the eclipse considered above, 
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Now the eclipse began at 2°08 ghatikds before the middle of the 
eclipse. Hence we have, at this time 1°98 gh. before the middle 
of the eclipse— 


The long. of the sun = 0 sign 25° 27° 52”. 
The long. of the moon = 0 sign 25° 10! 506”. 
The long. of the node = Ô sign 20° 19' 24", 
The moon's celestial latitude = —19 31”. 
Long. of the sun from true equinox = 48° 49 50", 
Time elapsed since sunrise = 66075'13 asus. 
Long. of the orient ecliptic point = 137° 67! 23". 
Long. of the nonagesimal = 47° 57' 29". 
Declination of the nonagesimal = 17° 34’ 62". 

Zi= —5?19'39" ; S 40 30’. 


The corresponding parallax in long. = —*05308 ghatikda. 
The corresponding parallax in latitude= —4 82". 


Here, Moon — Sun = — 16 56”, which is called the base of a right- 
angled traingle, while the apparent celestial latitude of the moon is 
called the perpendicular. 

Now the difference of 16/ 50" is decreased by pnrallsx, as the 
moon and the sun are both east of the nonagesimal at the time, 
The alteration of its value according to the Brahmasphuta Siddhanta 
is expressed thus:— 

ER _ Difference x approximate half duration 

Altered value Half duration 

16/ 50” x 1°90881 
2*08 


Moon's apparent celestial latitude 
—19 81" — 4' 32" 
= —24 3", n 


Hence according to Brahmagupta’s rule, the apparent distance 
between the centres of the sun and the moon 


= y0 51")? + (24 Br)? 


= 26 38". 
Sum of the semidiameters 
= 52' 62"; 


15 
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.. the part of the sun obscured 
= — (y 19", 
Sun's diameter = 31! 51"; 
.*. the phase of the eclipse in digits 
0! 19" 


= x 12 


Si” 51^ 
2 digits 23, 


The above method of Brahmagupta does not appear to be saty- 
factory. A better method would have been like this; — 


At the time under consideration, the parallax in longitude 


expressed in time = "0598 ghatfikás. 
Now 4 ghatikás corresponds to y's (difference of daily motions) 
= 3110”, 


‘0598 ghatikds to 42"; 
the apparent difference of longitudes 
= 1 50"— 42" 
= 19", 
The apparent distance between the centres of the sun and the moon 
= «(16 12')* + (24! 3") 
= 29! 40’; 
.. the part of the sun obscured — 8/ 12", 
Problem 2. "To find the time from the beginning of the eclipse 
when the part of the sun obscured will be & 19" (Prthbüdaka's result). 
This by the converse of Prihüdaka's process would lead to the 
answer, 1 ghatikd, after the beginning of the eclipse. 


This finishes the fifth chapter of the Khandakhddyaka relating 
to Solar Eclipses. 





CHAPTER VI 
On the Rising and Setting of Planets. 


Prthüdaka begins this chapter by taking up some stanzas 
from the eighth chapter, which are numbered below as 1, 


2 and 3. 


1. Multiply the ‘sine’ of the (Sighra) anomaly by the 
‘sine’ of the maximum Sighra equation and divide by the 
‘sine’ of the corresponding Sighra equation, the result is 
the 'Sighra hypotenuse’ when the (Sighra) anomaly is 
half a circle, this Sighra hypotenuse is equal to the radius 
diminished by the ‘sine’ of the maximum equation; when 
the anomaly is equal to the whole circle, the same is equal 
to the radius increased by the same ‘sine’ of the maximum 


equation. 


The Sighra hypotenuse spoken of here is EP (fig. on page 50), 
when SP or EM is taken to be R; and it is EM (fig. on page 53), 
when ES=R, In the figurs on page 50 when ZPEM is a 
maximum, PM is its 'sine'; in the figure on page 63, when the 


¿MES is a maximum, SM is its ‘sine.’ 


_ disin PMK x PM 
In the former figure, EP = —— —— 


R sin MSK x SM 
x A — l—JRWoe——— y cv⏑8 
and a the latter figure, EM RP sin MES 


This is equivalent to the ‘sine rule’ for a triangle in plane 
trigonometry. Brahmagupta is here seen to be the first person to 
rive it in Indian mathematics. — 





116 KHANDAKHADYAKA 


In either case the Sighra hypotenuse means the distance of the 
planet from the earth according to some definite scale. 


2. Four, two, eight, six and ten, multiplied by 10, are 
respectively the degrees of the longitudes of the nodes of 
Mars, Mercury, Jupiter, Venus and Saturn. Nine, twelve, 
six, twelve and twelve multiplied by 10, are respectively 
the minutes of their deviations from the ecliptic at the 
mean distance from the earth. 


The import of the stanza may be thus exhibited : — 





Mars 40* | 90 
Mercury 20* 120 
Jupiter 80* B0 
Venus 60" 120 


Saturn 100° 120" 
These figures are the same as in the Aryabhatiya, Dasagitikà, 
8 and 0. Amaraja’s text would make the geocentric orbital inclina- 
tion of Mercury to be 150/, which appears to be due to a misreading. 
According to Brahmagupta this is 152’, which converted to belio- 
centric inclination becomes 6° 20', a result very near to the 
modern value. | 


3. From the apparent (heliocentric) longitude of a 
planet subtract that of the node, and in the case of Mercury 
and Venus subtract the longitude of the node from the 

ighrocca (i.c., the mean heliocentric longitude); the ‘sine’ 
of the remainder multiplied by the deviation and divided by 
the Sighra hypotenuse of the last operation is the celestial 
latitude in minutes. 


In this stanza the word samalipía means ‘either of the two planets - 
which have the same geocentric longitude. This is wrong. In the 
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case of a superior planet it is necessary to use the heliocentric longi 


tude, f.e., the geocentric longitude minus the 
annual parallax. In the figure given here, 
‘et E, S, P, be the positions of the earth 2 
sun and a superior planet, SN the line of 
nodes; here the angle on which the celestial 
latitude depends is the angle PSN. Let 
Sr and Er be the direction of the first 
point of Aries. Through E, draw  EN' 
parallel to SN. 


From stanza 2, we get the angle rEN’, 
which is equal to r5N. 


Now, Z PSN 


ZrSP— 7rSN 


I 


The heliocentric celestial latitude of P 


_ Orbital inclination x SP sin PSN 


SP 


Hence the geocentric celestial latitude 


Z rEP-— ZLEPS— ZrEN! 
Geocentric Long. — (Long. of node 


P. 


+ Sighra Phala)* 


, according to 


the Siddhantas. 


— Orbital inclination x NP sin PSN | SP 


SP 


EP ' 


oe Orbital inclination x SP sin PSN 


EP 


Here EP=R and EP is H the Sighrakarna as explained before, 


Thus the geocentric celestial latitude 


Orb. inclination x R sin {Geo. lon 
H 





. — (long. of node + Sighraphala)} 


Hence it is clear that from the apparent geocentric longitude of 


a planet it is necessary to subtract the Sighra equation or the annual 
parallax of the fourth step in finding the apparent longitude in the 


case of n superior planet. 





* Surya Siddhanta, IT, ^6 and 57. 
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In the case of an inferior planet tho treatment is different, Let 
E, V. S be the positions of the earth, Venus and the centre of the 
j y epieycle (here the real orbit) 
of Venus. Here also let 
SN be the line of nodes; 
Er,"füd Sr are the direc. 
tions of the first point of 
Aries; EV’ and EN’ are 
parallel to SV and SN. 
The celestial latitude 
r r depends on 4 VSN. P 
Now ZVSN = £VSr—NSr 
= ZWEr— L N'Er * 
= Sighra of Venus— Node of Venus. 
" The heliocentric celestial latitude of V 
— Heliocentrie orbital inclination x R sin VSN E 
--—— —————— prs 
The geocentrie celestial latitude is therefore ‘a 7T 
. Heliocentric orbital inclination x R sin VSN x p — 
xEV 4 Y 
Where p=SV ; EV=H, the Sighra hypotenuse. 
The stanza gives the rule as equivalent to this— 
Geocentric celestial latitude 
) — Geocentric orbital inclination x R sin VSN 
—— —— 
__ Now the Geocentric orbital inclination of Venus is 
a, Heliocentrie orbital inclination x P. 
| — ri H —— 
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The rule of the stanza in the case of an inferior planet is quite 
correct. In the case of a superior planet, however, the geocentric 
apparent longitude has to be converted into the heliocentric longitude 
by applying the Sighra equation or annual parallax in the inverse 
order. We now illustrate the rules by an example. 


Illustration.—Let the time be Saka year 1851, 11 synodie months 
and 19 tithia or A.D. 1930, the 18th March; to examine if Venus 
was heliacally visible. 


The ahargana = 462024 at midnight on Tuesday at Ujjayini 


The mean Venus or the mean sun = 11 signs 2° 37' 43”. 

The Sighra of Venus = 0 sign 11° 40! 31" 

Lalla's correction at —153’ per year to the Sighra of Venus from 
421 of Saka year w —15*; 


.. the longitude of the Sighra of Venus 


= 11 signs 26° 40! 31”. 
The long. of Venus’ and sun's apogee= 2 signs 20° 


The sun's equation = I sin 72° 37 43" 
= + 2° 7’ 59", , 
The sun's apparent longitude = 11 signs 4° 45! 86", 
Sighra anomaly = 24° 2! 48". 
Venus’ Sighra equation 10° 7 25". 
This halved  - = 5° r 43", 
The new mean Venus for the 2nd step= 11 signs 7° 39 26” 
Venus equation of apsis = 134 sin 77° 3V 26 
= +2° 10! 54”. 
This halved = +1° 5 QF", 


The mean Venus for the equation of apsis of the 3rd step 
= 11 signs 8? 44’ 58”, 
Venus’ equation of apsis of the 3rd step 
= 184’ sin 78° 44! 63” 
= + 2° 11 20”. 


Mean Venus of the Ist step = 11 signs 2° 37’ 43”. 
Venus as corrected by the equation of apis, which is the same as 
the centre of the epicycle of Venus, = 11 signa 4° 49 9”, 
Venus Sighra equation = 9° 12’ 40" 
Geocentric Venus = 1l signs 14? 1/ 40". 
Sun's apparent longitude = ll signs 4? 45^ 36”, 
Difference = 9? ty 13" 


which represents Venus' elongation on that day, and according to 
the Arayabhatiya, Golàá, 4, Venus ought to be heliaecally visible. 
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But Brahmagupta would take this 9° as Adldhéa or 30. min. of time 
as the interval between the setting of the sun and of Venus as the 
time criterion for the visibility of Venus by the naked eye, 

We are thus to find the times of setting of sun and Venus on the 
same day, say at Calcutta, and have to use the longitudes of these two 
bodies at sun set on the same day, i.e., at 7 hours 18 min. of Ujjayini 
time. These by the method described above are the following :— 


The sun's longitude = 11 signs 4° 28' 55", 
Venus’ » = 11 signs 15° 36’ 30", 
The final Sighra anomaly = 21° 35! 40", 

7 Equation = 9° 4 1", 
‘Sine’ of max. Sighra equation = 108 p. 20’. 
Radius = 150 p. 


150 sin 21° 37 4 +" x 108 


The Siakra hvpoten 
BONA i 150 sin O° 4? 17 


= 2593022. 
The Sighra of Venus = 11 signs 26° B' 15”. 
. Long of the node of Venus = 2 signs 0° 0! 0”. 
Difference = 9 signs 26° R' 15"; 


.. geocentric celestial latitude of Venus 
.. 120! x sin 63° 51' 45" x 150 
- 253-022 
=— 1° & 39", 
This illustrates the rule for finding the celestial lalitudes of 
planets. The next stanza describes the conversion of celestial 
longitudes into polar longitudes. 


In the adjoining — let « be the position of a heavenly body of 
which rN and oN are the celes- 
tinl longitude and the celestial 
latitude of « Let Q'rQ be the 
celestial equator, A'rA the 
ecliptic; let P and * be their 
poles; oN a secondary to the 
ecliptic, rcK M and BENM the 
secondaries to the equator, oR 
perpendicular to PNM. The 
sim is to find KN which sub- 
tracted from rN or added to it 
gives rK tbe polar longitude’, 
and gK is called the ‘polar 
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latitude." ‘lhe older astronomers attempted to find c«HE* and they 
equated it to KN. Thus we have :-— 


4. Multiply the celestial latitude by the ‘sine’ of the 
longitude increased by three signs (i.e., 90°) and divide by 
371 ; subtract the resulting minutes from the longitude 
according as the sun's course in which the body is and the 
celestial latitude, are of the same denomination and add 
the result to the longitude if they are of different denomi- 
nations. 


In the triangle «PN, 


: _ sin rP xsin P 
Sin „NP — —^sinUO* ' 


Here Z P— M'Q, has been practically taken equal to NA. 


Hence R sin NP = R sin sin 24* * cos rN 4 


cH sin 24? x R sin (90? +rN) | 
H i 





oN xR gin eN P 


oN x R sin 24° x R sin (90° + rN) 
RxR 


oN xR sin (90° +rN) 
R sin 24° 
In the Khandakhádyako, R=1949; and Brahmagupta here takes, 


2 
R = $71: 





R sin 24° 
thus he took R sin 24°=60 p 40’. 
Hence giat R sin (SOU t eN) which i» taken to be KN. 
— * ft in the foot of the perp from ø on the are PN. 
AZ € 16 
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This proves Brahmagupta's rule. It is a distinct improvement 
upon Aryabhata.* As to how R sin (90°+rN) ocours in this 
equation, has been indicated by Bhaskara II, Golüdhyáya, VIII, 
Comm. on 30-74, illustration 1, which has been detailed in full in 
the translator's paper ''Greek and Hindu Methods in Spherical 
Astronomy,'' Problem V. 


Illustration.—In the example taken, as found already 
The geocentric longitude of Venus = 11 signs 18° 830 30", 
The geocentric celes. lat. of Venus = —1° & 80r. 
The total shifting of the equinoxes from 421 of the Sake era 
= 23° 17! 8S"; 
,. TN in this case = O sign 6° 58! 38”, 
and oN = —]1* 8 AO”. 
The correction to the celestial long. of Venus for polar longitude 


68°65 x 150 sin 96°53! 38 


$71 
= +25/ 88. 
The polar longitude of Venus = 7° 19' 16”, 
The polar latitude of Venus = —1° 8 gor, 


The point of the ecliptic which will set simultaneously with Venus, 
at Calcutta, has now to be found when the point of the ecliptic 
at 7° 19’ 16” will be on the western horizon, Venus having a south- 
poler latitude will have already set. Hence a correction will have to 
be applied to the polar longitude to find this required point. We 
now have the following rule for this purpose. 


5. Multiply the north celestial latitude by the equi- 
noctial shadow and divide by 12 ; apply the quotient taken 
as minutes negatively and positively to the orient and 
occident ecliptic points. When the celestial latitude is 
south, apply the resulting minutes to the same points 
positively and negatively. 


* Qola., 36, where in place of R sin (00*-«rN), H vers rN ia used, Strangely 
enough Arysbhata's wrong role i» preferred to this rule of Brabmagupta, by Lalla, 
Prtbüdaka and even by Amarija (1102 of Saka year or 1130 A.D. ). 
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If A be the polar latitude and 12 tan ¢ the equinoctial shadow for 
the atation of latitude œ, the correction is 


min, 


Let NPZQ be the observer's 
meridian, NM the horizon, M 
the east point, QM the equator, 
rKA apart of the ecliptic. Let 
F be the position of a heavenly 
body, of which rH is the polar 
longitude, »nd VK the polar lati- 
tude. When K is on the six o'clock 
circle, the part of the  diurnal 
circle of K intercepted between this circle and the horizon is roughly 


_ MK x12tan 
12 
Similarly the part of the diurnal circle of V, between the six 
o'clock circle and the horizon, 


7 2 by 
MV x ent roughly. 














Their difference = —————_— ; Which is here approximately 


taken to be equal to the negative correction to rK. If KV were 
south the correction would be positively applied to rK. 
On the western horizon, when KV is north the correction is 
applied positively and when south, it is applied negatively. 
Illustration, —In the example selected KV is south, at Calcutta 
the latitude 9 = 22^ 35’, and KV = —1*? & 30, 


The correction = — 08 89" tan $ 
= = 20 34’, 
Hence the point of the ecliptic which will set simultaneously with 
Venus = rK —20/ 34" 


= 7° 19 16" —26/ 84" 
= 6° 52! 42r. 
The sun's longitude = 11 signs 4° 28! 55". 
The sun's long. from true equinox = 357° 46' 8". 
Long. of the orient ecliptic point at sunset 
= 177° 46' 3", 
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Long. of the orient ecliptic point when Venus sete 
= 186° 52' 42". 

Difference = 9° 6! 39" 
of Libra and Virgo, each of which rises in 1966 asus at Calcutta. 

Hence this difference of 0^ 6/ 30" rises at Calcutta in 597 asus 
=9° 57', which represents what is called kálámáa or degrees indicative 
of time. The next stanza speaks of these kalayndas. The two 
operations described above are called the Drkkarmas, 


6. Venus, Jupiter, Mercury, Saturn and Mars, cor- 
rected by Drkkarma become visible (heliacally) when 
separated from the sun by the Kalama of 9 increasing by 
a common difference of 2, and they are invisible if separated 
by less; the moon is visible if separated by 12 of Kalanga 
from the sun. 


The rule may be exhibited as follows: 


Degrees of Kálaméa from 
Planet the sun necessär 


ry 
for visibility 


g* 


be 
Per, 


13* 


| 





This stanza is comparable with that of the Aryabhatiya, Gola, 4, 
the only difference being the use of the term Küálásméo in place of 


difference of longitudes. 


Illustration,—lIn our example Venus was separated from the sun 
by 9° 57! of Kala mſa, at sunset at Calcutta on the 18th Mareb, 1930. 
Hence Venus became first visible by the naked eye at evening at 
Calcutta on that date according to the Khagdakhádyaka, the 
difference between the settings of the sun and Venus being 80 mina, 
1B secs. 
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7. When the planet's rising ecliptic point has a less 
longitude than the orient ecliptic point, the planet 
has already risen, when greater the planet is yet 
to rise. Wihen the planet's setting ecliptic point increased 
by six signs is less than the orient point, it has already set 
when greater the planst is yet to set. The intervening 
ghatikas of time are obtained by making the less equal 
to the greater by means of the local time intervals for the 
risings of the signs of the zodiac. 


This stanza requires no explanation and has been already 
illustrated. We work out one more problem relating to heliseal 
rising. | 

Problem, To examine if Jupiter was heliacally visible in the 
east on the Sth July, 1930, before sunrise. 

The time is Saka year 1852, 3 Synodic months 9 fithi» elapsed, 
the sunrise being at 5 hrs. 21 mina, Calcutta time, which is 4 hra. 
30 mins. of Ujjayini time. 


The mean Sun and Sighra of Jupiter = 2 signa 19° 15! 30". 

The mean Jupiter = 2 signs 5° 54 69, 

Lalla's correction to mean Jupiter = —4° 239' J. 

The corrected mean Jupiter 2 signs 1° 25/ 57", 

The Sun's equation = +134 sin 4# 30”., 
= ]1'44", 

The Sun's longitude = 2 signs 19° 17' 14". 


Jupiter's longitude as corrected by 
the equation of apsis 

Jupiter's geocentric longitude 2 signs 8° 47' 68". 

Long. of Jupiter's ascending node = 2 signs 20°, 

Jupiter's Sighra hypotenuse = 179 p. 


2 signs 6° 31' 16", 


Jupiter's celestial latitude — 11’ 42", 
Total shifting of the equinoxes 23° 17' 23", 
Sun's apparent longitude = 102° 34' 37". 
Jupiter's geocentric longitude 92° 5' 21". 
+ T celestial latitude = —11' 42". 
The first Drkkarma correction to 
_ +11'42" x 150 sin 182° 5! 21" 
371 ! 


Jupiter's longitude 


= — 10", 
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The second Drkkarma correction to Jupiter's longitudes 


_ +11! 42" x 12 tan 22° 35) 
MM — 





= +4! 80", 
Jupiter's long. as corrected by the two Drkkarma operations 
= 92° 9'4]1". 
Sun's longitude = 102° 84' 87". 
Difference = 10° 24 56" 
which is in the sign of Cancer which rises in 2087 asus. 


The difference in Kàálámása's = 2087' J e eO, 
= 707 
= 11° 47. 

Now the Adlamda for the heliacal rising of Jupiter is 11° according 
to the Khandakhádyaka. Thus Jupiter was heliacally visible on the 
morning of the 5th July, 1930, at Calcutta. 

Similarly may be worked out other cases of heliacal risings of 
the moon and of other ‘star’ planets. 


This finishes Chapter VI of the Khaudakhadyaka, which relates 
lo the rising and setting of heavenly bodies, 
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On the Position of the Moon's Cusps. 


1. 703", 535° and 202’ are the minutes of the tabular 
differences of the declinations of the last points of Aries, 
Taurus and Gemini. By means of the moon's apparent 
declination from which as many as possible of these parts 
have been subtracted, the moon's corresponding ascensional 
difference is obtained as usual by adding up the correspond- 
ing integral and fractional parts of the tabular differences 
passed over. 


In Chapter III, stanza 1, sre given the tabular ascensional 
differences for one, two and three signs in binádis as— 


TE x 12 tan 9, = x12 tan $, 5 x12 tan e$, respectively for 


the last points of Aries, Taurus and Gemini, corresponding to the 
declinations— 


TOS, 1288' and 1440'. 


In the case of the moon proportional parts cannot be taken by 
using the longitude; hence Brahmagupta here lays down very 
correctly the rule that the moon's ascensional difference should be 
found from the apparent declinations, The nscensional difference 
found from this rule would not, however, be very accurate. Again 
if the obliquity of the ecliptic be taken -24* and the inclination of 
the moon's orbit at 4° 30’, the maximum declination of the moon 
may come to about 28" 30', for which the present rule is quite 


inadequate. 


To illustrate the methods of tbis chapter we propose to examine 
the position of the moon's cusps on the 28th June, 1030, or 1852 of 
the Saka year, 3 synodic months and 2 tithis, at 17 hra, 56 mins. 


of Ujjayini time, which is the time of sunset at Caleutta on 
that day. 
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Here the ahargana = 462125 4.179 
240 ' 
= 462125+% —_1_ 
^ 460 
The mean sun = 2 signs 12° §4/ 99”. 
The mean moon = 3 signs 10° 49 59”, 
Moon's apogee with Lalla's correction= 9 signs 23° 10’ 46", 


Sun's apogee = 2 signs 20°. 
Moon's ascending node with Lalla's correction 
= 0 sign 6° 24 19”, 


The sun's equation = $10 32”, 

The moon's equation = —]12! 8", 

The sppsrent sun = 2 signs 18° 11' 5”. 

The apparent moon = $ signs 10° 37' 61". 

The moon's celestial latitude = +14° 20/14", ~ 

Total shifting of the equinoxes = 28° 17' 28", 

The sun's apparent longitude = 96° 28' 28”. 

The moon's apparent longitude = 128° 55! 14”, 

The moon's apparent declination = 28° 12' 45". 

Latitude of Calcutta = 22° 35’. 

The moon's ascensional difference as worked out by the formula 
= 10° 16’ 28" 


= 102 bin. 44% bip. 
The same as worked by the parts = 102 bin, 55 bip. 


The moon's semidiurnal aro = 100° 85! 14", 

The sun's semidiurnal arc * = 100° 35! 14". 

The moon’s celestial latitude = +4° 29! 14’. 

.. the moon’s polar longitude = 124° 65! 69". 

The sun's apparent longitude = 96° 28! 28"; 

~. the difference of the right ascensions of the sun and the moon 

= 80° 12’. 

The moon's hour angle = 70° 23/ 14" W.. 
neglecting the moon’s parallax and also the refraction which latter 
was not detected by the makers of Indian Astronomy. » 

The moon's declination = 28° 12! 46”; 

.". the moon’s zenith distance - = 64° B17". 

The sun's declination = 28° 60/ 14"; 


/. the sun's azimuth from the West = 25° 57 26/N. 





TiS * Or the sun's hour-angle at sunset, 2 
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The moon's Samfrutale = 27p 12! 50", 
The moon's Agra Bip 49° 2", 

The moon's azimuth from the West = 15° 49! 25"N. 
The difference of the azimuth's of the sun and the moon 


z1o9* 9 1". 
The arc between sun and the moon = 27° 47"; 
*. the angle between the line of the cusps and the horizontal 
h = 22° 10/82", 


which is the angle by which the northern cusp is elevated. 


We have thus shown above the modern way of solving the 
problem and proceed presently to illustrate the method of the 
Khandakhadyaka, which is also the method of the Indian Siddhdntaa, 
It must be stated at the outset that the makers of the Indian 
Siddhantas could not really solve the problem, and were satisfied with 
only an approximation. Further, the rule given above for finding 
the moon’s ascensional ‘differences is reslly unnecessary and 
misleading. ‘The calculation of the orient ecliptic points for the 
rising and setting of the moon and thus to arrive at the sidereal 
measure of the length of the moon's day is equally useless and 
cannot help us in finding the moon's hour-angle. Prthüdaka's 
Sanskrit commentary uses this method for details of which the 
reader is referred to hia commentary. 


2-8. Take the ‘sine’ of the difference or the sum of 
the declinations of the sun and the moon according as they 
are of the same or opposite denominations, multiply it by 
the hypotenuse of the gnomonic shadow triangle and divide 
by the ‘sine’ of the co-latitude ; add this to the equinoctial 
shadow if the result be of the same denomination with it, 
or lessen it by the equinoctial shadow if they are of 
opposite denominations ; the result is the perpendicular and 
is south from the place where the moon is; the base is 
twelve digits, and the square root of the sum of their 


squares is the hypotenuse. 

Let the positions of the sun and the moon be projected on the 
meridian plane. In our illustrative example the sun is on the 
17 
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horizon. Let O be the position of the observer; OP the line joining 

8 the observer and the  celeatial 

Q pole; OQ, M'MA and BS are 

p traces of the celestial equator and 

the diurnal circles of the moon 

and the sun respectively. From 

N M, the projection of the position 

O- A-S of the moon on the meridian 

plane let MK be drawn perpendicular to the north-south line.. The 
stanzas aim at finding a triangle similar to MKS in the figure, 


Here KS = — KA-- AS, 
= KA+OS—OA, 
= Moon's Samkutala-* Sun's Agrá 
— Moon's Agra. 
R cos Z x H sin $ 


Now Samkutala ie etti D ea tae ee dr bos il 
E cos 9 


moon's zenith distance, and ¢ the latitude of the station. 


-~ R sin #x R 


The sun's Agra , where & is the sun’s 


R cos e 
declination. 
The moon's Agra = sin dx , where 6 is the moon's 
E eos $ 
declination. 
Hence K8=" cos Zx R sin o , R sin ¥ x R_ R sin xR i 


R cos $ fè cos » R cos e 


Now in a triangle similar to MKS, the side corresponding to MK 
is to made=12 digits and MK is R cos Z. Hence the side 


KS _12xKS . ! 
corresponding to AS should be wk * 122 vos Z ' which is called 


here the perpendicular or Bhuje; 


I2x R. ZH sin ô — R sin 5 
RcosZ cos $ 


.. Bhuja=12 tan ¢+ ———— 


The expression RI where Z is the moon's zenith distance, is 


219 
. 


called the hypotenuse of the moon's gnomonic shadow triangle; 
12 tan ¢ is the sun's equinoctia! noon shadow. In the rule in place 
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of Hi sin 5 — E ain 6, Brahmagupta gives here R sin (5—5); but in his 
Brüáhmasphuta-siddhánta, VII, 6, his rule agrees with the expression 
obtained above. 

Now the Koti (i.e., corresponding to MK)=12; 


.. the hypotenuse = y (Koti)* + (Bhuja)*, 


= y 12* + (Bhuja)*, 
which is the expression for the hypotenuse in the rule. 

As to the direction of the Bhuja, it is south from S in the figure, 
when the moon is south from the sun, and it ia north from 5 in the 
figure when the moon is north from the sun. 

Ilustration.—In the problem proposed, 

i i o f I" — gui e. d 
the Bhuja=12 tan 22° 35+ 12 (sin 207 ae 
7 =Tp 34! 54", 
Kati = 12p ; 
S. the hypotenuse = 13p 33! 19”. 

The angle KMS=82° 17 nearly, this will be as we shall 
see later on, the elevation of the northern cusp according to 
the rule. 


4. The difference in degrees between the longitudes of 
the moon and of the sun divided by 15, gives the measure of 
the illuminated portion along the hypotenuse as calculated 
before. The obscured part is found as in the case of 
the sun in the disc of the moon which is taken as of 
12 digits. 

The moon's diameter=12 digits. When the angular distance 
from the sun —180*, the whole disc is illuminated; for ony angular 
distance the maximum breadth of the illuminated portion is found 
by tho expression 

12 x angular distance Eom the sun in degrees digits 
_ angular — in degrees digite. 


__ A better approximation would have been 


H _6x R vers (angular distance from the sun) 4... 
s R digita, 
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which is given by Lalla in Sisyudhibrddhida, IX, 12; Brahmagupta 
also accepts this rule in his Brihmasphuta-siddhdnta, VII, 11, as 
an alternative process, 


The maximum breadth of the illuminated portion of the dise being 
determined from this rule, this is to be given in the disc of the moon 
along the hypotenuse, the point thus arrived at being called Sitasita 
point (r.e., n point showing the boundary separating the lighted and 
dark portions of the moon) by Prthidaka. The method of finding 
the dark portion of the moon appears to be the following:—From the 
vertex of the triangle where the hypotenuse and the Koti meet, 
a line is drawn perpendicular to the hypotenuse. This cuts the 
circumference of the dise into two points. The circle described 
through these two points and the sílüsita point is the line of 
demarcation of the lighted and dark portions of the moon's disc.” 
Prtbudeka speaks of a different process, which is this—describe 
another circle of the same radius that of the disc of the moon 
through the sifüsifa point, the centre of the circle lying on the 
hypotenuse produced (i.¢., in the direction in which the sitdsita point 
ia marked from the boundary of the disc). 


Illustration, —W'e have found before that the perpendicular 

or Bhuja = Tp 34! 57", 
Koti =  12p. 
Hypotenuse =  13p 39 19", 

Let NH be the north-south line ; take any point Sin it: from 5 
measure SK in the direction in which the moon is from the sun and 
equal to 7p 84' 57" or the 
Bhuja; with K and S as 
centres draw two circles 
with radii equal respectively 
Aik to Koti (here 12p) and the 

i jJ hypotenuse (here 18p 83/ 
MDA 19%), intersecting each other 


= at, M 
> N With M as the centre 


2 and radius— 6p, deaoribe a 
circle representing the moon's disc, cutting MS at A. 














* Cl. Brühmasphuta-siddhánta, VIT, 14; Sürya-riddhánta, X, 7-10 ; Sisyadhi- 
brddhida, IX, 14-16; Pafica-siddhantika, V, 7. . 
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Now, Moon — Sun = 27? 34v; 


-. the maximum breadth of the illuminated portion 
27° 30’ 
15° 

Measure off Am along AM=1p 50°. Through M draw LMR 

perpendicular to SM, cutting the circle representing the disc at 

L and R. Now draw a circle through L, m and R ; now the shaded 

portion represents the moon's figure. As shown before the elevation 
of LD =32° 17’, while we found this to be 22° 10’ 32" nearly. 


The Siddhdnta-makers apparently failed to recognise that the line 
of cusps is at right angles to the line joining the observer and the 
moon as also to the line joining the moon and the sun. The further 
details given in Prthüdaka's commentary are not interesting. 





-1p 50. 


This brings us to the end of Chapter VIT, which relates to finding 
the position of the moon's cuaps., 





CHAPTER VIII 
On Conjunction of Planets. 


J. Four, two, eight, six and ten, multiplied by ten, 
are the numbers of degrees in the longitudes of the nodes 
planets beginning with Mars. Nine, twelve, six, twelve 
and twelve, multiplied by ten, are the minutes of the 
deviations from the eclipse of the same at the mean 
distance from the earth. 


This stanza has been considered in Chapter VI, as stanza 2, 


2. The ‘sine’ of the Sighra anomaly multiplied by the 
'sine' of the maximum Sighra equation and divided by the 
‘sine’ of the Sighra equation is the Sighra hypotenuse. 
When the Siglhra anomaly is half a circle, the hypotenuse 
equals the radius diminished by the ‘sine’ of the maximum 
equation ; when the Sighra anomaly equals the whole 
circle the same increased by the same ‘sine’ is the 
hypotenuse. 


This also has been considered in Chapter VI, as stanza 1, 


3. Divide the interval between two planets by the 
difference of their daily motions when they are moving 
in the same direction or by the sum of their daily motions 
when they are moving in opposite directions ; the quotient 
taken as days represents the time, by which the conjunction 
is to come when the slower is ahead of the quicker, and 
by which it is over if the quicker is ahead. J 


The concluding portion is incomplete in ns much as it does not 
state how to find if the conjunction is to come or over when two 
Pint au poca fa copgeite direction, — 


be 


va x a: | p " +P Y 
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4. The interval between two planets multiplied by 
one of the planets' own daily motion and divided as before 
(as directed in the preceding stanza) is applied negatively 
when the conjunction is over and positively when it is to 
come ; this would make the planets of equal longitude. 
For the planet having a retrograde motion, the negative 
and positive applications are to be made in the reverse 
order. 


This stanza also requires no explanation. 


5. From the planets which have been thus made of 
equal longitude, subtract the respective ascending nodes ; 
and in the cases of Mercury and Venus subtract the nodes 
from their Sighroccas: take the ‘sine’ of the resulting 
are ; multiply it by the minutes of thc mean deviation 
from the ecliptic and divide by the sighra hypotenuse of the 
last operation; the final result is the celestial latitude of 
the planet. 


This. stanza has been already considered as stanza 8 of 
Chapter VI. 


6 (lst half). Of two planets which have the same 
longitude, the difference of their celestial longitudes when 
they are of the same name is the distance between them; 
when the celestial latitudes are of different names their sum 
is the distance between them. 


In this case also no explanation is neces;ary, The distance 
between two planets used to be measured in hastas; one hasta was 
taken equal to 1? or 60/ of arc; hence 1 anguli 2! BO", 


6 (2nd half). When two planets' centres coincide, 
the rest of the calculation is the same as in the case 
of a solar eclipse. The celestial latitude of the lower 
planet is to be eorrected by the parallax in latitude as in 
the case of the moon, 
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Here no detailed explanation is necessary, excepting that the 
necessary changes in the constants for the parallaxes and semi- 
diameters of the planets will have to be made. ‘To illustrate this 
second half of the stanza by à concrete example is also not easily 
available or possible. We may try to verify the conjunction of 
Venus and Jupiter on the 17th May, 1930, at 18 hrs. G.M.T., Con. 
des Tempa. 1930, page 660. 


Itlustration,—Time, Saka 1852, 1 synodic month, 19 fithis 
elapsed; the day of the week being Saturday. 

The ahargana up to the end of Saturday at Uj jjayini midnight 
= 462084, 

For the conjunction we have to subtract J;th of a day from the 
ahargana, i.c., the ahargana is to be taken=462084— 4. At this 
ahargana— 

The mean sun, the mean Venus or Jupiter's Sighra 

= 1 sign 1° 43 40". 


The mean Jupiter = 2 signs 1° 50! 20”. 
Lalla's correction to Jupiter = —4° 20' 2". 

,". the mean Jupiter = 1 sign 25° 21" 18". 
The Sighra of Venus = 5 signs 17° 19’ 25". 
Lalla’s correction thereto = —14° 80! 40". 

The Sighra of Venus = $ signs 20° 48' 89", 
The long. of Venus’ apogee = 2 signs 20°. 

The long. of Jupiter's apogee = 5 signs 10°. 

The long. of Venus’ ascending node = 2 signs. 


The long. of the Jupiter's asc. node = 2 signs 20°. 


Venus’ geocentric longitude = 1 sign 27° 37’ 19", 
Venus" geocentric latitude = 0? 48/ 22"N, 
Jupiter's geocentric longitude = 1 sign 25° 39 10", 


Hence according to the Khandakhüdyaka constants with Lalla’s 
correction the conjunction should have happened two days before. 
This is most probably due to the fact that Lalla's correction os 
applied here in the case of Jupiter is an over-correction. 

In the Brahmasphuta-siddhadnta this topic is considered api 
three aspects :— 

(i) The conjunction by the equality of geocentric celestial 
longitudes. 

(ii) The conjunction by the equality of polar longitudes or of 
right ascensions. 
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(iii) The conjunction by the simultaneous position on the same 
secondary to the prime vertical, 

In the Khandakhüdyaka às we have just now seen it is the first 
aspect that is considered. The second half of the last stanza speaks 
cf what is known as Bhedayuti. This would include transits of 
Venus and Mercury on the sun's disc, 

The Khandakhddyaka as originally composed by Brahmagupta 
consisted of two parts : — 


(i) Inthe Khandakhádyaka proper the astronomical constants 
used are all according to the teachings of Aryabhata I in his system 
of astronomy referred to by all writers and commentators as the 
Ardharütrika system. This part consists of eight chapters, this being 
the last. 

(if) The Uttara Khandakhddyaka, which contained Brahma- 
gupts'a corrections to the first part and other improvements as also 
supplementary chapters. 

Prthüdaka's text gives some of the stanzas of this Uttara portion 
which will be considered in the next chapter. An attempt will also 
be made to reconstruct some of the missing chapters from Bhattot- 
pala's text from which Alberuni makes profuse quotations. The 
Berlin manuscript which we nre using for this edition breaks up 
abruptly. Bhattotpala’s text is also unreliable. 


This brings us to the end of the Khandakhádyaka proper, the laat 
chapter relating to the Conjunction of Planets. 





CHAPTER IX 


Corrections and New Methods. 


"qaam: wwe urere ura: 
aama qarat ener dare: diei 


1. Aryabhata made the apogee of the moon as moving 
more quickly and the node as moving more slowly than 
their actual motions; if his constants give correct results in 
relation to the end of tithis (i.e., conjunction, etc.) or 
eclipses they must be considered as accidental as are the 
letters cut into wood by weevils. 





The following is a comparative statement of the sidereal periods 
of the moon's apogee and the ascending node :— 


Sidereal Periods : — 


According to According to Modern 
Aryabhatiya | Khandakhüdyakal Values 


. | 3231057079 da, | 3231'087844 da. | 3232'3754 da. 


er) 


"* | 6794749511 da. | 6794-750834 da. | 6703399108 da. 
à (Lockyer) 





Hence Brahmagupta is not wrong in bis contention ; we shall 
presently consider how far he himself is correct in finding the correct 


sidereal periods. 


"t manfas reu iaz- fram: à 
agfa a wawufeeer fe er ae sfear: isi 


* Taken from the Brihma-sphuta-siddhanta, I, 61. 
, I, 82. 





t " »" et A v LL] 
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2. On seeing me, who possess the most accurate 
knowledge of mean motions, men who have learnt from 
the works of Srisena, Visnucandra and Aryabhata, cannot 
face me in any meeting just like deer on seeing a lion. 


No comment is necessary. 





3. As the apparent planets beginning with Mars as 
derived from the works òf Srisena, Aryabhata and Visnu- 
candra are far deviated from their true places, the works of 
these authors are therefore not valued among the learned. 


a wgzur?nWHZIS ASC Basal Gd | 
waa eere uisus WwHe- dud 


4. As tbe process of finding the apparent places of 
planets as given by Aryabhata does not make them agree 
with observation I shall therefore speak of this process. 
Of the sun the apogee is at two signs and seventeen 


degrees. 


Brahmagupta here says that the longitude of the sun's apogee 
=2 signs 17°, whereas it is stated to be 80° or=2 signs 20° in the 
Khandakhüdyaka. 

According to the astronomical constants as given in the Conn. dea 
Temps, the longitude of the sun’s apogee in 499 A.D. (i o., 1,400 
years before 1900 A.D.) was, 

= 77° 19' 19:44" according to Conn, des Temps" equation, 
= 76° 40'37'22" according to Newcomb's equation. 
The mean of these two=77° very nearly. Hence Brahmagupta's 
determination of the sun's apogee was more correct than that of 
Aryabhatsa. The Aryabhatiya states the longitude to be 78° which 
also is less correct than what Brahmagupta gives here. 





*  Brühma-sphufa-siddhánto, II, 47. 
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Tay waaay frase 


Haya ep lara ear ware à 


AeA SESS aA Uu 


5. Multiply the ahargana by 110, increase the product 
by 511 and divide by 3031; subtract the result taken as 
revolutions, etc., from the mean moon; the final result is 
the moon's apogee. 


Evidently Brahmagupta assumes that the anomalistie month 

. 8081 

110 
to the author of the old Vasistha siddhdnta as summarised in the 
Pajca-siddhantika,* 


days. This convergent to the nnomalistic month was known 


According to Brahmagupta the length of the anomalistic month, 
1582236450000 — 4320000000 | 
57750300000 — 488105858 

= 27: 554541641 days, which is for 1900 A.D. 
= 2710545502 days according to Radau, 
= 27554602 days according to the Aryabhatiya. 





days, 


Here also Brahmagupta is more accurate. Again the length of 
the sidereal period of the moon's apogee 


1577918450000 
488105858 


= 5282732048 days. 
Aryabhata’s value of the same 
= 09231'087844 days 
The modern value of it 
= 8232:3754 days. 
Hence Brahmagupta’s result is by 8566 of a day out, while 
Aryuabhsta's is by '3876 da. in. 


days, 








* Pefica-aiddhantikG, IT, 2-6, 
} Brühma-sphut(a-siddhünto, T, 15, 16, 18 and 20, 
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Tey FATA agua AAT: EAA: | 
aaa emu UAT: exzupuer: afe en 


6-7. 35’, 32°, 28’, 21’, 13’, 5’ are the tabular differences 
of the sun's equations in the manda operation as spoken 
of in this uttara portion. 77', 71’, 61’, 47°, 30°, 10° are 
the tabular differences of the moon's manda equation 
(i.e., equation of apsis). 


These tabular differences correspond to the tables of equations 
already given in Chapter I, stanzas 16 and 17; but the new method 
of the next stanza here teaches how correctly to calculate the sun or 
the moon's equation for any given value of the anomaly by using 
the second difference. 


sender aree enfer AAU sierra TRAIT | 
agga ar fa wem aca 
8. Multiply the residual arc left after division by 900 
(i.c., by 15°), by half the difference of the tabular differ- 
ence passed over and that to be passed over and divide by 
900° (i.e., 15°): by the result increase or decrease, as the 
case may be, half the sum of the same two tabular differ- 
ences; the result which, whether less or greater than the 


tabular difference to be passed, is the true tabular difference 
to be passed over. 


The rule given here applies to the case of all functions hitherto 
considered in the Khandakhddyaka, which are tabulated at the 
difference of 15° of arc of the argument They are— 


(0 The tabular differences of the sun's equation. 
(7) us T T 4 . moon's equation. 
(fii) T e 5» "sgines.'' 
Wo illustrate the rule by an example belonging to the table of sines. 
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Illustration, —'To find the ‘sine’ of 57°. 
Brahmagupta's table of ‘sines’ in  Khandakhádyaka is as 
follows : —* 








Arc | ‘Sine’ | Tabular Mni Second Difference 





— — ——— — — 





ZU E 


i" s 39 39 | 
MB A 
| CC E 
24 | -7 
15 —9 
5 —10 





Now 57° =3420=900 x 3-- 720', Thus three of the tabular differ- 
ences are considered as passed over; the last one being 31 and the 
one to be passed over is 24. 

The true tabular difference by the rule, for the arc of 57°, 

_ 3194 720 , 31-24 ‘ 
2 900 2 i 


Hence the ‘sine’ of 57° 








39 +864 91+ 540 31-24 720 | 31—324 


900 2 £900 2 
= 125°76. 
As worked out from the logarithm tables the same 
= 125°80, 


Again ‘sine’ of 57° from Brabmagupta's formula 
81- 24,720 _ $0.) , 91—24 
900 








= 106 4.720 x 24+ 





900 2 900 S 
- 108+ 9 tira ( Goo 1) aon 


which is the modern form of the interpolation equation up to the 
term containing the second difference. Brahmagupta thus takes a 
decidedly improved step here and is undoubtedly the first man in 





E er EL E AE PD 
* Chapter I, 80; also Chapter TIT, 6. 
4 Of. Ball's Spherical Astronomy, p. 18. 


LI 
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the history of mathematics who has done this. The next stanza 
directs the corrections that have to be made to the equations of 
apsis of the sun and the moon as given in the Khandakhüdyaka 
proper, 





frac tfanafaelagacurraay i * 
sra wengfararere warned arent thera ue 


9, The sun's equations are to be made less by qnd 
part and the moon’s equations, increased by th part. 
Multiply the sun’s equation by a planet's daily motion in 
minutes and divide by the number of minutes of a whole 
circle and this is called Bhujintara correction and applied in 
the same way to the planet as the equation is applied 
to the sun. 


The Khandakhddyaka proper applies this Bhujánlara due to the 
equation of time to the moon alone. The first half states the 
corrections that are to be made to the equations of the sun and the 
moon. The sun's epicycle of apsis has the dimension 14° in the 
Khandakhadyaka proper.{ This correction would make its dimension 
to be=14°(1— 4) — 13* 40. 

The correction to moon's equations would make the epicycle's 
dimension = 31°(1 + 4) =31° 88 45". 

Prthüdaka's commentary would make this=31°(1 + 44) —31* 8», 


maigai firerasfercinim | 
aaea; aa were wxmep ATTA: we on 


10. Deduct 354} from the ahargana, divide the 
remainder by 6792; subtract the quotient that is obtained in 
revolutions, etc., from the circle : the result is the longitude 


of the ascending node. 





* Prihüdaka's reading seems to be WW qurTge i 
} Chapter T, 18. Cf. Modern Sirya-siddhanta, IT, 46. 


$ Chapter I. 16, M. 
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Here Brahmagupta gives the approximate period of the sidereal 
revolution of the moon's node to be 6702 days. This according to 
his Bráhma-aphuta-siddhünta 
1577916450000 

292311168 
6702'25390 days, which according to Lockyer 
679389108 days, while this is 
6704'75088 days according to the Khandakhadyaka. 


days 


Hence Brahmagupta's attempt at correction makes the node 
quicker than it actually is 


aneninfan veel menfi: 
fanaa saga fam: sear: sre we Aree | 
Tein dH atsaarnifan uer RAA gto 





11. Of Mars the apogee (the aphelion point) is to be 
increased by 17°, that of Jupiter by 10°; from the Sighra 
of Venus 74 are to be subtracted; Saturn's equation of 
apsis should be decreased by it one-fifth; the Sighra 
equation of Mercury should be increased by one-sixteenth. 


This stanza says that in 490 A.D. Mar's aphelion point had a 
longitude of 127°, of Jupiter the longitude of the aphelion was 170*.* 

According to Newcomb's rule, the longitude of the aphelion 
point of Mars in 499 A.D. works out to have been=128° 28' 12", 

According tothe Conn. des Temps’ rule the same was 128° 27 51". 

Hence Brahmagupta's determination of Mars's aphelion is correct 
within 1* 30', and is therefore quite satisfactory. According to the 
Khandakhddyaka proper it was 110^, while according to the 
Aryabhatiya it was 118°. 

Again according to this stanza Jupiter's aphelion had a longitude 
of 170° in 499 A.D. 

According to Conn, dea Temps’ rule the same was=170° 25, 

Hence Brahmagupta is here algo very accurate. According to 
the Khandakhádyaka proper it was 160°, while according to the 
Aryabhatiya it was 180°. 





* Chapter I, 6, 
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The next two stanzas teach how to work out the correct Sighra 
equation from the tabulated differences of equations for the stated 
intervals of the Sighra anomaly as given in Chapter II, 


yanaram Aramam aga wa | 
NUT: CRSDHTTIDEEDTMTTUSSITARNTN WIND IRI 
farne Nanai aAa RATI | 
aana azan wn afa ga 


12-13. Multiply the increase of the Sighra anomaly to 
be passed over by the increase of the Sighra equation passed 
over and divide by the increase of the anomaly passed over ; 
the result is the number of degrees in the adjusted increase 
of the equation passed over. Multiply half the difference 
of this result, and the increase of the Sighra equation to be 
passed over by residue (of the anomaly left after subtracting 
as many as possible of the preceding intervals of Sighra 
anomaly) and divide by the increase of the Sighra anomaly 
to be passed over: by the new result decrease or increase as 
the case may be, half the sum of the same two increases of. 
the equations; the final result which is either greater or less 
than the increase of the Sighra equation to be passed over, 
is the true increase of the equation to be passed over. '' 


The meaning is made clear by an illustration. 
Illustration : —To find the Sighra equation of Mars for the Sighra 


anomaly of 80°. 
Mars's tobulated differences of the Sighra equation are as follows :— 


Increaee of the Increase of the 
Sighra anomaly Sighra equation 





19 
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Here the intervals of anomaly are not equal. 
The residue of the Sighra anomaly 
= 80°—(28°+32°) = 20°. 
The rules stated above say that for the last 30° of the Sighra 
anomaly the change in the Sighra equation, 


12° x 30° 
9827 


- 11* 15, 


Now as in stanza 8, the Sighra equation for 80° of the Sighra 
anomaly of Mars 


20 (11" 15'+ 10°” 20] 11° 15' — 10^? ) 
za "4 19^ des — — 

UE ME T 2 SHA 3 
= 29° 48' 90^. 


If the Sighra equation were worked out by the simple rule of 
proportional parts it would have been 


= J]l*4 12* + 20 x 10°=29° 40, 


Now Mars's Sighra epicyclé having a circumference of 234°, 
while the deferent has a circumference 360°, the Sighra equation 
correctly worked out for the. anomaly of 80°, 


= 29° 54/27" 


Thus here also Brahmagupta takes a distinctly improved step in 
interpolation. 


"rures aanafaaaaae Aaaa: à 
Sal ugue cepe farm deu 


14. In finding the arc corresponding to a given ‘sine’, 
find the residue left after subtracting as many as possible 
of the tabular differences of 'sines', multiply it by 900 and 
divide by the tabular difference to be passed over: by 
means of the minutes of arc obtained find the true tabular 
difference by repeating the process and thus find the 


minutes of arc corresponding to the required residue of 
the ‘sine’. 


E 
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This stanza teaches how to find the arc correctly by using the 
tabular differences as described in stanza 8 of this chapter. The 
method of adjusted interval of the preceding stanza would have 
however served the purpose equally well. 


This finishes the chapter IX of the Khandakhddyaka being the 
introductory chapter of the Uttara Khandakhddyaka, which treata of 
Brahmagupta's own corrections to the astronomical constants and 
improved methods of Interpolation. 





CHAPTEK X 
On Conjunction of Stars and Planets. 


This section treats of the conjunction of planets and the yogatàáràs 
or “Junction stars'' The first two stanzas describe the number of 
stars in each lunar mansion or naksatra, 





1-2. 'The number of stars is two in each of the 
following naksatras :—Mula, P. Bhadrapada, U. Bhadra- 
pada, Asgwini, Punarvasu, Visakha, P. Phülguni, U. 
Phalguni ; Of the naksatras Citra, Pusya, Satabbisa, 
Ardra, Swati, Revati, the number of stars is one in each 
case; the nmaksatras, Abhijit, Jyesthà, Bharani, Sravani, 
Mrgasira, have each three stars ; Krttika, ASlesi, Magha, 
have six each ; Anuradha, P. Aşādbā, U. Asadba, four 
each ; Dhanisthà and Rohini, five each. 


SAMMI Ae zaas agina: | 
wafasal eret fest ar ume wan 
3. Of the stars in each naksatra, those that are seen 


to be the brightest are the ''junction stars" ; of them are 
given the polar longitude and the polar latitude. 


senna afa efan nrf | 

mace quajenviaty: fie aafaa: igu 
wamali wane aia afavfafacaa a | 
feeqemfavfataata amena: pun 
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antea. AH wefdznéu «wfafasr | 
wanfaanelat waninatrarcrel: dé 
4-6. By means of the following polar longitudes of the 
'* junction stars " of each naksatra beginning with A$vini, 
the conjunction of planets with them should be judged :— 
In Mesa by 8? and 20°; in Vrsa by 7° 28' and 19° 28 ; 
in Mithuna by 38° and 7? ; in Karkata by 5°, 16° and 18° ; 
in Simha by 9° and 27°; in Kanya by 5? and 20° ; in 
Tula by 3° and 19° ; in Vrécika by 2° 5’, 14° 5’ and 19° 5’; 
in Dhanu by 1°, 14°, 20° and 25° ; in Makara by 8° and 
20° ; in Kumbha by 20° and 26° ; in Jhaga by 7° and 30°. 
These stanzas are the same as 1-8 of Chapter X of our author's 
Brahmasphutasiddhünta. 


yamga: qefan: manasan ayer: | 
wae Aana yana: ol 
T. When the planet (corrected by the Ayana drkkarma) 
is less than the polar longitude of a ‘‘ junction star,'' the 
conjunction is yet to take place ; if greater, the conjunction 
has already happened ; the reverse is the rule when the 
planet has a retrograde motion: the rest of the calculation 
is similar to that for the conjunction of planets. The 
polar latitudes are given from the end on the ecliptic of the 
declination corresponding to the polar longitudes. 


aren enrafaqa area: NUOESTHONG UT: area: | 

xj an fam: uw ale: cusam uci 

efermra waana: anfaneenaeanr area: | 

"rerüfa qq erdeaerao rHfauwea: e 

ater eife afefeinquzfanfeactenr: i 

merman aragia nran: ie on 

8-10. They are 10°N, 12°N, 5°N, 5°S, 10°S, 1198, 

GON, 0°, 798, 0°, 12°N, 139N, 1198, 2°S, 379N, 1918, 
398, 498, 8°35, 5°45, 59S, 029N, 30°N, 36°N, 18'S, 
049N, 26°N, 0°. 
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The stanzas here numbered as 7, 8, 9 and 10 are the stanzas 4, 
5, 6 und 7 of the Bráhmasphutasiddhánta, X. 


maamaa faai: serfauesis | 
maaa saaana ana Sta: tz ei 
quesreretefesrar aafaa maar: i 
qazanan Harve fenm wies gta 


11-12. Of the junction star of Rohini, the polar lati- 
tude has to be diminished by 27', of that of Krttika by 29', 
of that of Citra by 15, of that of Visakhà by 7', of that of 
Anuradha by 76', of that of Jyestha by 30'. 


The above are the stanzas 8 and 9 of Chapter X of the Bréhma- 
sphutasiddhanta, 
Before we proceed any further it is necessary to put these 
statements in a tabular form. 
— ELE 



































| | 
=. Bi. a| 3 Polar | — 
iaatis i & - | z5 
m S dE 2x 5.88 | longitude! Polar | Es 
Naksatras F esis TH E = tes | | antl latitude | £ 2 Se 
ot Lunar | = £3 zum Dc Identification J"Pctrion of 3 9g 
mansione s Hees PIPER siar | junction) 33% 
ET i < = | = —— —— 
See $2 ^ 4| 8 gd 38^ 
— —— — A 38. —| 
Aswini 2 3 | Head of a |a, B and y Ue. 8° | 10 N. | B Arietis 
horse. | Arietis | 
Bharagi | 3 | a Yori Musca | Us. 2070 12 N | 35, 41 
! | EN | Arietis 
Kritiká | ü G <A razor Pleiades ils. 7° 26", 4° 1° N| Alcyone 
Rohini b 5 | A cart or an! Hyades 5e 19° 2s" 4" 33' 8. Aldebaran 
ekkà of the | | 
| U. P.. - 
Mrgaéiré a | 3 | Head of a | ^, $, and | 2 8'0' | 10°8 ^ Orionis 
| | deer. $, Orionis 
i 
Ardrá ] | ! A jewel | s Orionis | 24 5 OF | 11^ 8 a Orionis 
Punarvasu 3 2 A house | Castor aod | ds, 3° 4’ | 6° N Pollux 
| Pollux (o and 
B Gemini) 
Pusyá 1 2 | An arrow- | Presepe (B, | Be. 16° 0! C* | 5 Caneri 
head) m, 7 Cancri) | 
A wheel f, «38, c, 9 | 2c. 18° ^| 7° 8 « Hydra 
Hydra | oh 
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Polar s 
3 = wE of : * 
Nakgatras = Hs junction latitude ! 
or Lunar 2.2.39 |dentfücation "25. of | 
manaiona BSB- junction 
i ^ E: | : ; «| € z 
F | Si ms 
| | b ^ £f 
Aagha A wall a, v, 7, E. n. i. VO |o Regulus 
. is 
P.Phálguni 2 2 | A carpoy 8 and 8 as 277 0] 12" N | 8 Leonie 
Leonis | 
u. PLalgani) 2 à Da. B Leonis & | 5s. 5 0 | 137 N | B Leonis 
Hasli 6 5 A hand Corvus £s, 27 0° 117 8 sy & Corvi 
Citrá 1 t | A pearl Spica Ge. 3° 0' | 1° 45° 5) Spica 
Switi 1 1 | A pieco of | Arcturua or | 4s, 19" O'| 37° N Arcturus 
á coral a Bootis | | 
Visikba 9 2 | A gate | « aod B | Te. 29* 5^ | 1° 23° 8| e Libra 
Libra . | H 
Anurá hà 4 39 | An offering | =, Band ~ 75. 14" 5'| 1* 44' & 8 Scor- 
tothe gods| Scorpionis | pions 
Jyesthá 3 3 | An ear Antares witb! 7e. 19° 5'| 3° 30 F! Antares 
pendant the two stars - 
on its aides. 
(a, e aod * 
Seorpionis) 
Mala 2 9 The tail of | «, p, (, 9, @ | 8r. 1" 0" | 8* 30' B! A Scor- 
a lion í, E, A, 9 | pionis 
Scorpionia 
P. Asadhs 4 2 | The tusk of | 9, y, A. ©, 8s, 14° 0 5* 20" 8| 8 Sagi- 
an elephant | Sagittarius ttarius 
U, Asadhá 4 2 | A carpoy e; prt | 8&2 0^ B y Sagi- 
| i us ttarius 
Abhijit 3 3 | Ao ear of |a, 8 and y | 85.250 62^2N. | a Lyra 
an elephant yra | 
 Éravapa 3 3 | A mrfohga | a, Bandy | 96 50 | I N | a Aquile 
(tabor) Aquilae 
Dhanistbá 5 6 Do. m, A, y, 8 & | Oe. 20^ 0| 36* N | a Delphi- 
+ Delphinis nis 
Satabhisá 1 | 100 | A circle ^ Aquaria & 109. 20* (| 18 8. | ^ Aquaris 
| other atara | 
P. Bbádra- 2 2 | A carpoy a and A A0«, 26* 0'] 24* N. | a Pegasi 
pada Pegasi 
U. Bbádra- 2 2 Do Pegasi and tle. 7 O| 26° N | y Pegasi 
pada |. Hv meia = 
Revatt 1 | 92 | A mrdafiga | ( Piscium | Os. 0^ (| 0” ¢ Piscium 
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About the conágurations of nakaatras, the junetion stars'' nnd 
other details, the reader will find a good summary of the researches 
of Colebrooke, Bentley and Burgess in Brennund's Hindu Astro- 
nomy, pp. 36-45," 


Afa arma afrai enaa: az i 
qafa zferufzfar fafana resa: nan 


13. Three stars of Rohinī, two Aślesā, six of Hasta 
of which the presiding deity is Sun are thrown (i.e. lie) 
on the south of the ecliptic, the remaining stars of these 
naksatras are on the north of the ecliptic. 


safa amare araretareufaaare : 
azia aaa vata aR: utu 


l4. A planet being on the same side of the ecliptic 
occults a ‘junction star’, if its polar latitude be either 
greater or less than that of the ‘junction star’ decreased 
or increased by the semidiameter of the planet. 


Let the polar latitude of the ''junction star'' be A, and that of the 
planet be A,; at the instant of occultation either 
A ~À, < semi-diameter of the planet, 
Or AÀ4—A, < T TERT eG 
.. o either A,>A, — semi-diameter. 
or A,<A, + semi-diameter. 


faguinfeatarefaant save AST à 
Ja age areal fane wae wf upus 
15. When a planet's polar longitude is at 17° of the 
sign of Vrsa and its polar latitude is greater than 298, it 
occults the cart of Rohini 


mana are auaa afa faeren i 
sefiafa qui drat araurafaferm: ne du 


* (f. Alberuni’s India, Vol, II, pp. 54-85. 
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16. When the moon has the maximum north polar 
latitude she occults the third star of Magha; when she has 
no celestial latitude she occults Pusya, Revati and Satabhisa. 


Bhattotpala'a text being hopelessly corrupt in the remaining 


chapters, we give up our attempt at reconstructing and translating 
them. 


This finishes Chapter X of the Khandakhaddyaka which relates to 


the Conjunction of Stare and Planets, being the accond chapter of the 
Uttara Khandakhàádyaka. 


» 0 





APPENDIX I 
Hindu Luni-solar Astronomy. 


1. In the present paper it is proposed to discusa the astronomical 
constants and the equations in Hindu luni-solar. astronomy and to 
present a comparative view of these quantities with the corresponding 
ones in Greek and modern astronomy. It will be shown that in 
many cases the Hindu values of these constants are more accurate 
than the Greek values, and in Hindu lunar astronomy the equations 
or inequalities discovered are the most startling. 


2. Solar Astronomy. 


In solar astronomy the length of the year was determined by 
Aryabhbata * from the heliacal risings of some bright star at tbe 
intervals of 365 and 366 days. 


(1) The year according to the Aryabhatiya 


_ 1577917500 . an. 
m S000. days =305:2586805 days, 





= 865 da. O hrs, 12 ming. 20°64 socs. 


_ 1577917800 a5. 

(2) The same = -4820000 days= 36525875 duys, 
= 865 da. 6 hrs. 12 mina. 36 seca., according to the 
Khanlakhädyaka, the Sürya Siddhänta of Varāha snd 
the modern Sürya Siddhänta. 


(3) Itis= MOOD dayse- 365:2584375 days, 


= 965 da, G hrs. 12 mins, 9 accs., according to the 
Brühma Sphuta Siddhánta of Brabmagupta. 
— — 
* P, C, Sengupta, 'Aryabhbata's Method of determining the Mean Motions af - 
Planeta," Bulletin of the Calcutta Mathematical Society, Vol, XII, No. 3, = 
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Now the mean sideresl year a 
= 865 da. 6 hra. 9 mina, 9'3 socs. (Lockyer). 
The mean anomalistic year 
= 865 da. 6 hrs. 13 mins. 49°3 seca. (Lockyer). 
The mean tropical year 
= 865 da, 5 hrs, 48 mine 40:054 seca. (Lockyer). 
"Though we take that the Hindu year was designed to be the 
sidereal year, it approached most closely the anomalistie year; and 
its excess over the sidereal year was about 3 minutes. From this 
consideration it appears that the Indian astronomers were justified in 
taking the sun's apogee to be fixed. 
Against the error of +3 min. in the Hindu sidereal year, we may 
point out that — 


(1) The Hipparehus-Ptolemy tropical year, 


= 865 da. 14' 48" in sexagesimal units,* 
= 865 da. hrs. 55 min. 12 acos., which has an error 
of about +6 min. 


(2) Meton's sidereal year= (365+ ] + 4) days ! 


= 865 da. 6 hrs. 18 min 57 secs. which has an error of 
+9 min, 48 secs. nearly. 


(3) The Babylonian sidereal year was 45 min too long.f Thus 
the Hindu value of it is closer to the true value. 

Again in 150 A.D. the longitude of the sun's apogee according to 
the Conn. des Temps was 


= 101° 12" 15/17 -6189-03 «( 1900 — 150 
100 
1900 — 15 j 
Hn 
+ 1763 x — 


= 71° 10 26-37, 
while Ptolemy states it to be 65°30 § which was wrong by —5°36/27", 


* Syntaxis, Karl Manitius s edition, Vol. I, p. 146. 

4 Ibid, p. 145. 

> Emneyclopadia Britannica, History of Astronomy. 

§ Syntexis, Vol. Il, p. 148, The Romaka Siddhdata of the Pafica siddhdntiba, 
VIL, 9, indicates the sun's apogee to be at longitude of 75°: thie was perhaps a 
correction made by Latadeva to the Greek constant, 
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In 500 A.D. (Aryabhata’s time), the longitude of the sun's apogee 
by the same rule works out to be —77* 19’ 10°44". 


Aryabhata states this to be 78° in the Aryabhatiya, Brahma- 
gupta in the Uttarddhydya of the Khandakhádyaka states the same 
to be 77°, while the Khandakhádyaka gives it as=80°. Hence the 


Hindu findings of the longitude of the sun's apogee were more 
accurate. 


Agoin as to the sun's equations of the centre we find that the 
Aryabhatiya states the periphery of the sun's epicycle to be 
18°30", The Khandakhádyaka gives it as 14°; while according to the 
Hindu form Ptolemy's value of the same is 15°, Hence according to 
these writers, the sun's equations at 90° of the mean anomaly 
are :— 

According to the Aryabhatiya = 2° 8' 54”, 
.. Khandakhadyaka=2° 14! 0". 
T » Brahmagupta=2° 7' 20", 
e» » Ptolemy —2* 23/3". 
The modern yalue =]° §5' O°7. 


Thus the Hindu eyuations of the sun are generally more correct 
than the Greek ones. The Hindu constants in solar astronomy sre 
thus, generally, more accurate than the Greek ones. We now turn 
to the Hindu Lunar astronomy. 


8. Lunar Astronomy. 


Before discussing the constants in Hindu lunar astropomy it is 
necessary to state something às to the time when the moon was 
observed by our ancient astronomers and the astronomers from 
Aryabhata I (499 A.D.) to Prtbüdska Swimi (864 A.D.) The 
months were reckoned from the first visibility of the crescent at the 
time of the Mahābhārata (1400 B.C.). We have a passage in the 
Bhismaparvan where Vyñsa speaks of the evil omens on the eve of 
the Kuruksetra war thus— 


“eagai amter wüprsitw i" 
“That the moon and the sun have been both eclipsed on the 
18th days of the light and dark halves of the same month.” 


The eclipses could not take place on the 13th days of the 
month unless the months wore reckoned from the first visibility of 
‘the crescent. This was the custom in Babylonian and it has still 
‘survived in the Mohomedan world. Even in the Pafica-siddhüntikà 








— 
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of Varihamihira (640 A.D.) there is a special chapter on awi or 
the firat visibility of the crescent. It is thus clear tbat the practice 
was to observe the moon when very near the sun. 


Again Aryabhata says that “tmina saang," "the moon wis 
determined from her conjunctions with the sun.'" The moon was 
observed by him at the time of solar eclipses, or at the time of the 
first visibility of the crescent. 


Even up to the time of Prtbüdaka the accuracy in lunar 
astronomy was chiefly aimed at nt the time of eclipses. "Thus in his 
commentary on the Khandakhddyaka, IV, he makes the following 
introductory remarks ; — 


"AIl knowledge relating to (luni-solar) astronomy is desired by 
the wise (or cultured) specially for knowing the right instants of 
opposition or conjunction; these instants are however not visible to 
the eye. Of other things such aa tithis, naksalras and karanas, as 
the planets, tho sun and the moon, sre not clearly observed. their 
beginnings and ends sre not visible. Men see the agreement 
between calculation and observation at the times of solar and lenar 
eclipses. Hence the word of the astronomer is esteemed amongst 
men even in respect to such things as fithis, ete.” 


Thus the chief aim of the ancient Indian astronomers was to 
calculate the eclipses accurately and the moon was observed chiefly 
at lunar or solar eclipses, though the time for observation related 
also to the finding of the first visibility of the crescent, This latter 
phenomena did not perhaps lead them to directly observing the 
moon's posi tion at such times by using instruments. 

Ba. Moon's Mean Motion, 


The practice of observing the moon at the time of the eclipses 
alone led to the determination of the synodic month with the 
following results :— 


(0 Mean synodic month according to the Aryabhatiya 


1577917500 
57753836 — 4320000 


= 29:530582 days. 


days, 


— — — - — — 





— — 


* Cangas versed see mafia fuv; Aata giat evel afer) waigrafa 
Wiesn wary aut naa | aiqareecarndte ale wd 
aw: wafe:  crenfeenfaerpuq Sewers we IER a” 
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(ii) The same according to the Khandakhddyaka 
= 20°5305874 days, 
(ii) The same according to the Brihma-sphuta-siddhanta 
= 21580582 days. 


(v) The same according to Ptolemy 
= 20 da. 81" 50" 8'" 20" in sexagesimal units, 
= 205305927 days. 
The modern value according to Newcomb and Radau 
= 20°5305881 days. 
Hence the Ahandakhadyaka mean length appears to be the slosest 
approximation. 
The mean sidereal month must have been deduced from the mean 
synodic month and the year adopted. Hence no comparison need be 
made of this element here. 


We next consider the sidereal periods, the nodes and the apogee 
of the moon. These are shown below :— 







According to ——— Sid. Per. of Moon's Apogee | Sid. Per. pos Ascending | 
Aryabhatiya | 3231*987079 da. | 6794 749511 da. 
Khangdakhádgaka | 3231957544 da. | 57941 750834 da. 
Bráhma-sph*fa-siddháünto | 2X2 7:411 da. 6112725996 da. 

Ptolemy 3232 017666 da. 6310645871 da. 
Modern values | Lockyer) 1232:27543 da. 60703*89108 da. 





Here also the Hindu values show a closer approximation to the 
true values, Brahmagupta’s figures representing the nearest 
approach. 


8b. Other Constants, 


So far the Hindu values of the constants have been more accurate 
than the Greek ones; but as to the inclination of the moon's orbit 
the Greek value is more accurate than the Hindu vatue. 


Inclination of the tunar orbit 
Hindu value = 4° 30, 
Greek valve m 6° (y. 


Modern mean value = 5° 8' 49/497 (Brown) 
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This discrepancy confirms the conclusion, that the observation of 
the moon was restricted to the time when she was near à node, either 
at solar or lunar eclipses, where a small error of observation 
magnified itself into about half a degree. 


We now turn to the parallazes of the sun and the moon :— 


| Sun's Mean Hor. Moon's mean Hor. 
Parallax Parallax 
Aryebhatiya a’ 5562 62’ 30” 
Khandakhádyaka and Brahma- n° 505 52 47"3 
gupta 
Ptolemy 2" 51" 5y 34" 
Modern values 0' 8"*806 51' 2"*74 


As to the sun's horizontal parallax, the ancients were of course 
totally wrong, but in respect to that of the moon their values were 
fairly approximate, 


We next consider the angular s¢mi-diametera of the sun and the 
moon. These are:— 


— — — — —— — — — 





Moon's Mean Sun's Mean 
Bemi-diameter Semi-diameter 


Aryabhattya 15' 45" | 16' 20°74 


Khandakhdad yok 1 O" 22 14" 15" 
(Hr RR meE pA ufa: Aiddhànta) 


Ptolemy 13" aay" 15407 


Modern valace 15° 33''*60 16'1^*8 





Here also the Hindu values are more accurate than the Greek 
. values. 

8c. Moon's Equations —THhe First Equation. 

It remnins now to consider the moon's equntions in Hindu 
astronomy. As has been pointed out before, observation was up to 
the time of Brahmagupta, restricted to the time of eclipses perhaps 
also of syzygies. 


n 
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The modern form of the moon's equations is 
=877' sin (nt — 2) +13’ sin 2(nt—a) +... 
+76 sin {2(nt—@) — (nt—2a)) +40’ sin 2(nt 2 (9) 4..." 
where nf{=mean longitude of the moon, a the longitude of the 
perigee, © — longitude of the sun. 


Here the first two terms, vis., 877’ sin (n! —e) +13’ sin 2(nt —a), 
are due to elliptic motion about the earth in one focus; the term 
TY sin 12(nt —(9)—(nt—2a)) is known as the evection. We combine 
a part of the first term with the evection term and the expression for 
the equation of centre becomes 

=801' sin (nf —a) +13 sin 2(nt —a) +... + 152 sin (n! — ©) cos (@ —a) 
+40’ sin 2 (nt — ©). 

Now at syzygies and eclipses sin (nt — ©) and sin 2 (ni—©@) will 
very nearly vanish, Hence according to modern astronomy at the 
syzygies and eclipses, the chief term of the moon's equation 
201" sin (nt! —a). 

This according to the Aryabhatiya 

=860! 15" sin (nt —a), 
"T T Khandakhddyaka 
= 206' sin (nt —a) 
i» at Uttara Khandakhddyaka 
= 501-7 sin (nt —a), 
* * Brühmasphutasiddhünta 
—203' 81" gin (nt—2a), 
T e Greek astronomy 
= 900! 15" sin (nt—a) very nearly. 

Hence both the Greek and the Hindu astronomera were very near 
the true value of the moon's equation at the syzygies and eclipses. 
Godfray in his Lunar Theory, page 107, observes, ''the hypothesis 
of an excentric, whose apse has a progressive motion as conceived by 
Hipparchus served to calculate with considerable accuracy the 
circumstances of eclipses; and observations of eclipses, requiring no 
instruments, were then the only ones which could be made with 


sufficient exactness to teat the truth or fallacy of the supposition,'' 
We next consider the second inequality of the moon. 





* The accurate values of the co-efficients appear to be 377° 1" 06, 12°57" 11, 
i 26" and Bo" ao", 
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8d, Moon's Second Inequality or Equation. 

In ancient times it was Ptolemy who firat really found a second 
inequality of the moon. According to Godfray (Lunar Theory, 
p. 107) '* by dint of careful comparison of observations he (Ptolemy) 
found that the value of this second inequality in quadrature was 
always proportional to that of the first in the same place, and was 
additive or subtractive according as the first was so; and thus, when 
the first inequality was at its maximum or 5*1', the second increased 
it to 7° 40/ which was the case when the apse line happened to be in 
syzygy at the same time.” 

It is well known that though Ptolemy discovered the second 
inequality in the moon's motion he was not able to ascertain its true 
nature. His corrections in this case are true when at the quadrature 
the moon's apse line passes through the sun or it is at right angles 
to the line joining the earth and the sun." Inthe general case his 
construction does not lead to the elegant form of the evection term 
ns we know it now, nor does it lend to the nice form in which 
it was given by later Hindu astronomers from the time of Manjula 
(or Munjila, 854 Saka era —992 A.D.). 

As has been already pointed out, the enrly Hindu astronomers 
from Aryabhata to Brahmagupta aimed at accuracy in lunar calcula- 
tion only for the eclipses and syzygies, and did not interest them- 
selves about the moon's longitude at the quadratures. Hence this 
second inequality is absent in the works of these makers of Indian 
astronomy, as also in the Pre-Ptolemaic Greek astronomy. This 
points to the conclusion that in both the earlier Hindu and Greek 
systems of astronomy, the modes of observation of the moon were 
copied from an earlier system of astronomy whether Babylonian or 
Chaldean. Even in the Romaka Siddhanta of the Pafcasiddhantika 
there is no mention of evection.| Thus inspite of the transmission 
of a vague system of Greek astronomy, Hindu astronomy as develop- 
ed by Aryabhata and Brahmngupta must be regarded as independent 
and original—not only from this but also from other considerations. 
It sought to correct the constants as were obtained from the 
Babylonion and the Greek systoms ns has in some cases been shown 
already. 

_ —À ——— M 
* Qodfray'a Lunar Theory, pp. 105-110. 


} Vide the summary in the writer's paper ‘‘ Aryabba{e the Father of Indian 
Epicyclic Astronomy," Journal of the Department of Letters, Vol, XVIH, Calcutta 


University Pross. 
21 
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Bd I. Manjula’s Second Equation of the Moon (032 A.D.). 
We now take up in detail Manjula's second equation of moon. 
It is however necessary to ssy something about his first inequality. 
This is given in the form 
—488 sin 


(nt— (—a -a') 
Say | 5 degrees, 
96 + 130 cos (nt—a’) 


whore nt stands for the moon's mean longitude, a'— that of the 
apogee. 


Hence when nf —a'—900*, the equation = 488" —5?4'—304/ show- 


96 
ing an excess of 4^ over the modern value. 

It is further necessary to modify the expression for the moon's 
modern form of the equation by changing a to 180° +a, as in Hindu 
astronomy anomaly is measured not from the perigee but from the 
apogee, 

The modified form is 

= —801' sin (nt —a) +15 sin 2(nt —a) , $e. sat 
— 152' sin (nt — ($9) cos (@ —a) +40’ a sin 2 (nt —(9) +.. 
Mafijula’s lines giving the second equation are— 


Siia wea ferar fast: | 

gd) erm SST STA): wem gta 

vin me-a fina aaa i 

wd we w^ opm) aiT itx 
This may be translated as follows :— 


"The (mean) daily motion of the moon diminished by 11° and 
multiplied by the ‘‘cosine"’ of the longitude of the sun diminished 
by that of the moon's apogee is the multiplier of the ‘‘sine’’ and the 
‘cosine '' of the longitude of the moon diminished by that of the sun, 
divided severally by 1 and 5. "The results taken os minutes are to 
be applied negatively and positively to the moon and to her daily 
motion if the quantities multiplied together nre of opposite signs and 
in the reverse order if they are of the same sign."' 

As to the positive or negative character of the ‘‘sine’’ and the 
“cosine” he gives tHo rule— 


ay: Seif: Au ny wie ww: | 
werd: gem: wifzterdeenonfarar | 
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‘The mean planet diminished by its ucca, the apogee, aphelion 
or the Sighra, is called kendra or mean anomaly; its “sine” from 
above six signs (180°) arises from half circles and are respectively 
positive or negative and ita ''cosine" in different quadrants are 
respectively positive, negative, negative, and positive.”’ 

The convention followed is that the ‘‘sine’’ is negative from 
0° to 180° and positive from 180° to 860° of the arc and that the 
cosine is positive between 0 and 90°, negative between 90° and 270° 
and positive between 270° and 860°. 

We may now symbolically express Mafijula’s second inequality 
thus :-— 

— (13° 11/ 35" —11*?) x 878’ cos (®© —«) x 8"B' sin (5 — ©), 
where Ņ stands for the moon as corrected by the 1st equation; we 
leave out the correction to the moon's daily motion as given in the 
stanzas quoted above. 


The moon's new equation comes out to be 

= —143/ 58” cos (© —a) sin (5 — ©). 

This, it will be seen, is exactly the modern form of the evection 
as combined with a part of the equation of apsis shown before. The 
difference in the main is that Manjula's constant is 144’, a quantity 
less by 8’. In form the equation is most perfect, it is far 
superior to Ptolemy's, it is above all praise. It is from this 
inequality, we trust, that Mañjula should have an abiding place in 
the history of astronomy. ‘The next writer who gives the second 
equation is Sripati (1028 A.D.). 

3d II. Sripati’s Second Inequality of the Moon (1028 A.D.). 

The following stanzas from Sripati's Siddhanta Sckhara, were very 
kindly communicated to me by Pandit Babua Misra, Though they 
are probably not very correct still the general meaning is clear. 
They are the following :— 
ferafax freres Ter eT 
manaa aar far | 
safa wora nau ei CHO 
vagy fra ofi rcm eu u 
QURAR MIAT VEDRRH | 
aiaia rip i 2 
qran ur wet 
vgzweewerd! orf Prsuuras wu 
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ufafs wegen AAA 
aruga ers eremi erg | 

afe wafa fe area were fau 
vazafaazimi wvifewsfres n 

The passage may be translated thus :— 

“From the moon's apogee subtract 90°, diminish the sun by the 
remainder left; take the ''sine'" of the result; multiply it by 160’ 
and divide by the radius; the result is called caraphala. Put it down 
in another place, multiply it by sara (i.e., R vers (D—o), or versed 
sine of the moon's distance from the apogee) and divide by the 
difference between the moon's distance (hypotenuse) and the radius; 
the result is called parama (cara) phala, which is to be considered 
positive or negative according 8s the hypotenuse put down in another 
place is less or greater than the radius. Multiply the ‘‘sine’’ of the 
moon which bas been diminished by the apparent sun, by the 
apparent paramaphala and divide by the radius; the final result is to 
be called caraphala to be applied to moon uegatively or positively ns 
the moon minus the sun and the sun minus the moon's apogee 
(diminished by 90°) be of opposite signs; if these latter quantities be 
of the sume sign the new equation should be applied in the inverse 
order by those who want to make the calculation of the apparent 
moon agree with observation. '' 


Symbolically — 
160 R sin (9 (07900) = caraphala, 


,.190' KR sin ((9— (a —90)°} 4 M vers (5 =e). 
" n H-R 
paramaphala, according as H > or < R. 
The new equation 


Lp 160! R sin 1.1900) R vers (D —a) x R sin (D - ®©) 
1 (H—H)xR | 


160! R cos (© —«) x R sin (5 — 9) R vers (y —a i 
RxR — » H-R 


* ‘There is some uncertainty about this new fraction introduced by Sripati, — 
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This equation is a alightly modified one but practically the same 
in form as that of Maüjula, except that the constant here is 160%, 
greater than his by 10/. The constant is 160’ also in Candrasekbora's 
form as we shall see Inter on. We next consider the Moon's 
inequalities as given by Bhiskara II in his Bijopanaya,* a special 
work on these inequalities composed in the Saka year 1074 (=1152 
A.D.) two years after he had composed the Siddhánta Siromant. 


8d Ill. Bhüskara IE on Moon's Inequalities (1152 A.D.). 


His preliminary statement runs thus :— 


fear finia A e: aei re | 
WTA AAA EATA i 


- Bijopanaya, St. 8. 


'* 112! positive or negative representing the maximum difference. 
have been found by me in the daily observed moon (as calculated 
und as observed) at that point of the ecliptic where the arc from 
the kadamba (i.e., its pole) passing through the zenith cuts it."* 

Thus for observing the moon he selected the nonagesimal as 
the suitable point where the uncertainty about her parallax is zero, 


and found + 112 of arc to be the maximum difference between her 
calculated and observed places. 


Mallabhatta, perhaps a contemporary of Bhaskara II, ascribed 
this difference to a supposed Sighrocca of the moon. — Bhüskara in 
stanzas 9-13, refutes the existence of the Sighra in the case of the 
moon, the substance of his argument being (i) that it is against the 
teaching of the Siryasiddhdnta and other accepted suthorities, 
(ii) that there is no variation of the apparent angular diameter of the 
moon corresponding to this alleged Sighra, and (iii) that planets 
having a Sighra have retrograde motion which is never the case 
with the moon, 


The reason for his new equations are stated as follows :— 
areara fawrew warte: | 
n qed aziya was waters e 
de. o. myi vestes gera: | 
| qui wo tui versio esten utu 








* Published by the Punjab Sanskrit Book Depot, Lahore, 1926. 
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weqe cw TS «= area ufe | 
aza THe) ferüfsrqegedtens 422 
irsrmitf Sirene rers nv uf i 
qafa Aqel 4 outer nat 
Waa; weal wsfe tee war | 
arga wafeimmsesiiuernsdtresm usn 
wa aadtaqeishs Equi araa fe | 
QC STA Saree Gaga wary | 
"Uibafac wow Hal afr: eatery wey 


“ When the moon is situated at a quadrant ahead of the apogee 
and with the sun at half a quadrant ahead of her, the maximum 
discrepancy (of 112/) is seen in the negative character. 

" When the moon is situated at three qusdrants ahead of the 
apogee and with the sun at half a quadrant bebind her, the maximum 
discrepancy (of 112') is seen in the positive character. 

" When the eclipses of the sun and the moon take piace at the 
apogee or the perigee of the moon the moon as corrected by the equa- 
tion apsis is seen to be without any new correction called bija, 

" When the eclipses of the sun and the moon take place at the 
ends of the odd quadrants of the moon's anomaly (measured from the 
apogee), the discrepancy is seen to be less by 34’, 

" When the moon is at the apogee, whether the sun be ahead or 
bebind her by half a quadrant, the discrepancy amounts to be 34'. 

" The same discrepancy of 84 is observed when the moon is at 
the perigee and the sun is ahead or behind her by the same distance. 

“ Thus by analysis and synthesis, and by repeated observations, 
this variable correction has been devised by me: let it be seriously 
considered by the learned,” . 

Bhiskara here speaks of six cases and we consider them one after 
another :— 

The moon's equations as modified to suit síddhàntas are given by 

— 801" air. (nt — 5) +18’ sin 2/nt —a)...... 
— 152' sin (nt — ©) cos (© —a) +40 sin 2(nt — (9) ... 
According to Bhüskara's Siddhünta Siromani, the moon's equation 
of apsia 





= —— ‘8489 sin (nt—a) | 


=—301' 40/8 sin (nt —a) 
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this agrees well with the corresponding term of the modern equation. 
As Bhiskara takes in all the six cases, nt—a=90°, 270°, 0° or 180°, 
the second term of the equation of apsia vanishes. 
Case I. 
n{—e=90°, nt—@=—45°, @—a=135° 
Here the total equation of the moon 
= — GOL — (TF + 40’) = — 301! — 110 
this fairly agreea with Bhüskara's observation, the difference being 
only of 4’. 
Case IH, 
né—a=270°, nt — ($9 —45?^, © —az225*^; 
the total equation of the moon 
=B801 + 70! + 40! — 301' + 116/, 
this also agrees with Bhàüskara's observation. 
Case III, 
nt —a-— 0? or 180°, nt — (9 —0* or 180", © —a=0 or 180°, 
the total equation =0', this also agrees with Bhüskara's observation. 
Case IV, 
nt—a-0* or 270°, n! —($ —0*? or 180°, © —az90*? or 270*, 
the total equationz *301'. This does not agree with Bhiskara’s 
statement that the total equation 
= + (801/ + 78), 
Case V. 
nt—a=0, nt —(9 — +45°, @—a= +46 
the total equation 
=0'—70' + 40'= —80/ or 0! + TH —40' — + 30, 
this fairly agrees with Bhiskara’s observation. 
Case VI. 
nt—a= 180°, nt- © = +45°, © —a— 180° + 45°, 
the total equation 
=0' +76 +40'=0' + 1107, or 0' —7H' + 40'=0' — 30, 
this does not agree with Bhüskara's statement. 
Bhüskara then states his first system of 24 equations correspond- 
ing to 24 sines in a quadrant to be 
(y, 18’, 21’; 27’, 3B’, 80', 45', 51', 60/, 61’, 05', OB', TO’, 72’, 74", 75’, 
7U/, TO, 70, TT, 77’, T8, 78’, 79." 





© Bijopanaya, 20-98, 


„a 
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These equations he says— 
" " » aa wn ww 
WA w' wee TS i= 


= are negatively added to the equation of apsis when that is negative 
and positively added to the same when that is positive." In other 
words his new equations are complements of the equation of apsis, 
the two together being represented by 
— 801! 46/^* 8 sin (nt —a) —78' sin (nt —a) 
io., by —879' 46" 8 sin (nt —a). 

Hence next states his second set of equations depending on 
($) — , to be 

(V, Of, 18’, 17’, 22', 24', 27, BO’, 32', 33’, 34’, IV, BA’, 3B", SL’, 

29%, 26', 24’, 20’, 16’, 11’, &', 3’, O',* 
and says 
wap wat Sve wd = 


A4 agaa wafer Ha: ! 


“These minutes are negative in the odd quadrants of the argu- 
ment and are positive in other quadrants."’ 


When the value of the argument is 15° the equation is 17’, 
ui J x 45° ee 54’, 
22 i 90° * Or. 
Hence the new equation= —34 sin 2((9 — 9), 
—14' sin 2(5 — ©). 

Here the symbol v) stands for the moon as corrected by the 
Hindu equation of apsis and its complement as given by Bhüskara. 
It is readily seen that Bhiskara is the first of all the Hindu astro- 
nomers to detect the equation known as '' Variation," His constant, 
$4’. is less than the modern value by about 6/, and cannot be 
considered ns a serious error. 

We now see that the sum-total of the moon's equation as given 
by Bhüskara 

= —879' 46/8 sin (nt —2) +34 sin 2( — ©), 
the evection term being totally absent. This is a serious defect, 
and Bhaskara's new equations would make the moon generally 
more incorrect nt the syzygies and eclipses than what the old Hindu 
equation of npsi& would do. 








=> Ibid, 290.32. 





APPENDIX I 169 


Perhaps late in life when he was 69 years old in 1105 of Saka era 
(=1183 A.D.) he discovered the inapplicability of his new equations 
at the times of eclipses and in his Karana-kutühala he altogether 
omitted these new equations which he had given in his Bijopanaya. 

As to Bhüskara's second inequality which is really the comple- 
ment of the equation of apsis without the evection term, it is far 
inferior to that of Manjula and of Sripati; as we have seen their form 
of the second inequality combines the complement of the equation of 
apsis and evection in the mathematically correct form. For the 
discovery of such a form of the equation as of these authors, very 
patient, careful and frequent observation must have been coupled 
with very careful and nice comparison of observed facts. 

As to ‘‘variation’’ it was first discovered by Abul-Wefa in 
976 A.D.,* which was quite forgotten when Tycho-Brahe re-discovered 
it in 1580 A.D. Hence Bhiaskara, in 1152 A.D., re-discovered it in 
India 4 centuries before Tycho. 

8d IV. Candraáckhara of Orissa on the Moon's Inequalities. 

In connection with lunar inequalities it is necessary here to 
record what were the equations discovered or verified by M. M. 
Candraáekhara Simba of Orissa in the later half of the last century. 
He was educated in the orthodox Sanskrit fashion and had no 
acquaintance with English education. His work Siddhdnta-darpana 
was edited by Prof, Jogeschandra Ray, late of the Cuttack College, 
in 1899. Candrasckhara in his work gives four equations of the 
moon which are :— 

(1) The equation of apsis. 

(2 The Tungàntara equation or the complement of the equation 
of apsis in combination with evection. 

(8) The fortnightly equation or variation. 

(4) The Digaméa equation or the annual equation (ie., yy of the 
sun's equation). 

(1) The first equation is of the form 

— {81°30'— 380! cos (nt —a)}3488 x sin (nt—a) ! 
360° 
= — 800495 sin (nf —a) + 44605 sin (n! —a) cos (nt —a) 
= —900'49"*5 (sin nt— a) + 2/23/25 ain 2(nt—a). 


—— —— — — — — 
* Godfray‘s Lunar Theory, p. 114. 


+ Siddhduta.darpaga, V, 100-114, 
22 
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It is seen that Candrasekhara wanted to correct the equation of 
apsis to the second order of smal! quantities as in all the Hindu 
authors from Brahmagupta, but Candrasekhara's form is correct 
though his constant is wrong. 


(B) His second equation is of the form 


160’ x 3438 sin (o — © +90") 9498 sin( 57) 


EE — — — —— — — — tó^Íós Eee ee I,  -————'EEEER EE — —— 


, moon's appt. daily motion * 
moon's mean motion 


= =160 con (©@—«) sin (D-—@) x MCs appt. daily motion. 
moon's daily mean motion 
Here the constant is the same as that of Sripati discussed before. 
The symbol means the moon as corrected by the equation of apsis. 
It is readily soen that the constant of the first term of the equation 
of apsis is increased by 80’, and that the constant of evection is 
taken at 80', In both the cases the error is about +4’. 
(8  Candrasekhara's third equation or Variation 
8438' sin2( 5' — 


where 1), means the moon as corrected by the Ist and 2nd equations. 
Here the constant is wrong by —1 18". 
(4) His fourth equation or the annual equation 


=4 i of the sun's equation of apsis, 


=+ io x 12 m aano sin (sun's distance from the apogee), 

= ie 27'*6 sin (sun's distance from the apogee). 

The modern value of the constant is 11/10". Tycho found it to 
be 4' 30", Horrocks’ (1689) co-efficient was 11’ 61". 

As Candraéekbara was aware of Bhiskara’s Bijopanaya, as also 
of the work of Sripati, his merit here lies in the discovery of the 
annual equation, and correction to the constant of variation. 





© Ibid, VI, 7-9. | 
t Siddhánta-darpaga, VT, 11-12. 
= Ibid, VI, 13, 
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4. Conclusion. 

We have now come to the end of the paper. Perhaps it has 
been established that so far as the luni-solar astronomy is concerned 
Hindu astronomy is independent of Greek astronomy in respect of 
astronomical constants, that Hindu astronomy is generally more 
accurate than Greek astronomy and that Hindu astronomers were 
nob mere ''caleulators.' * There were observers who verified and 
corrected the old astronomical constants as they came down from 
Aryabhata and Brabmagupts, who also found independently all the 
principal equations of the moon. 


|. eee — — — — — 
* Q, R. Kaye, Hindu Astronomy, p. 60. 
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GREEK AND HiInpu METHODS IN SPHERICAL 
ASTRONOMY 


1. The Aim of the Paper. 


The aim of this psper is to present a comparative view of the 
Greek and Hindu methods in Spherical Astronomy and to bring out 
the independence of the Hindu Astronomers in this subject. This 
comparison has not yet been properly made in the works of any 
European researcher from Colebrooke and Bentley early in the 
I9th century to Kaye in the present century. Nor have the Hindu 
methods in Spherical Astronomy been yet properly described in the 
writings of Burgess, Wilkinson, Büpudev Süstri nnd Thibaut. Hence 
we find Kaye writing in J. A.S.B. for 1919, No. 3:— 

" The methods by which (the rules) were obtained are buried in 
obscurity.”  Braunmuühl* has stated ‘‘that the Indians were the first 
to utilise the method of projection in the Analemma of Ptolemy." It 
is intended to present the Hindu methods as clearly as possible 
and to show that Braunmühl has not done sufficient justice to the 
Indian astronomers. 


As to Kaye, we shall show that his remark quoted above is due to 
the fact that he had to rely mostly on the English translation of the 
Süryasiddhánta of Burgess, that with his scanty knowledge of 
Sanskrit could not study the works of Bhiskara II (1150 A.D.), who 
was the first to explain the Hindu methods clearly. 


2. Greek Methods in Spherical Astronomy. 


Of the Greek methods in Spherical Astronomy, the history begins 
with elementary principles only from Euclid (300 B.C.). Even in 





* Hesth, Greek Mathematics, Vol. II, p. 291. 
Braunmübhl, Geschichte der Trigonometrie, pp. 38-42. 
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Theodosius’ Sphaerica* (about 153 B.C.) “there is nothing that can 
be called trigonometrical.'" Heath again says, ''the early spheric did 
not deal with the geometry of the sphere as such, still less did it 
contain anything of the nature of the spherical trigonometry. (This 
deficiency was afterwards made good by Menelaus’s Sphaerica.)''! 
Hence the Greek spherical trigonometry began with Menelaus 
(90 A.D.). His theorem in geometry is well-known—''If the sides 

of a plane triangle be cut by a transversal into six segments, the 
J continued product of any three alternate segments is equal to the 
continued product of the remaining three.'" From this proposition 
he deduced the so-called ‘‘regula sex quantitatum'' or the theorem, 
‘if the sides of a spherical triangle be cut by an arc of a great circle 
into six segments, the continued product of the chords of the doubles 
of any three alternate segments is equal to the continued product of 
the chords of doubles of the remaining three segments." In plane 
geometry if the sides BC, CA, AB of a triangle be cut by any 
transversal at L, M, N, respectively, then we have 


e 
BL CM AN _ 
LC MA NB 7 
In spherics the theorem is : C M 
Chord 2 BL, Chord 2 CM , Chord 2 AN 
Chord 2 LC Chord 2 MA Chord 2 NB* o 
P 


Both these theorems are proved in Ptolemy's Syntaxis (Karl 
Manitius's edition, Vol. I, pp. 45-51). 


If R be the radius of the sphere on which the spherical triangle 
ABC is constructed, then the chord of the arc 2 BL —2 R sin BL. 
Hence Menelaus's theorem in spherics may be expressed as follows : 

sin BL ~ sinCM . sin AN 
sin LC sin MA sin NB 
This theorem is true for any spherical triangle. 





=1 





* Heath, Greek Mathematics, Vol. IT, p. 250. 
+ <A. A. Bjórnbo, 'Btodien über Menelaos' Spharik’ in Abhandlungen Zur 
Geschichte der Mathematischen Wissenschaften for 1902, pp. 50 et req. 
Also, Heath, Greek Matbematies, Vol. TI, pp. 261-78. 
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If 4B=AN=AM=90° and L the pole of AB, then LMN isa 
secondary to the arc AB, There are four ares of great circles; 
taking any three as forming a spherical triangle and the fourth as 
the transversal we readily get for the right-angled triangle ABC, 
the relations :— 


(i) sin a=sin b sin A 
(ii) sin cztan a cot A 
(iii) cos b=cos a cos o 


(iv) tan c=tan b cos A 


The above are some of Napier's rules for a right-angled spherical 
triangle, deducible from Moenelaus's theorem.* They are generally 
sufficient in the case of such triangles. In any spherical triangle 
however, this theorem of Menelaus does not in any single step lead 
to any of the equivalents of the time-altitude or altazimuth equations 
in spherical astronomy. ‘The Hindu methods, though none of them 
are so highly finished as Menelaus's theorem, yet are not less power- 
ful in tackling the problems that arise in astronomy in connection 
with the apparent diurnal motion of the heavens. The Greek or 
Ptolemaic method presents no further points of interest except in 
its application. We now proceed to illustrate the Hindu methods 
and shall refer to the Ptolemaic method as occasion arises. 


9. Hindu Methods in Spherical Astronomy. 


In the Hindu methods there is no general rule to follow. It is 
by properties of similar right-angled trisngles that a fairly complete 
set of accurate formule are obtained. These right-angled plane 
triangles are classified under the names,—' Krdntikgetras’ (triangles 
of declination) and  'Aksa-ksetras" (triangles of latitude). We 
consider the following problems :— 


Problem 1.—To find the time of rising on the equator of a length 
l, of are of the ecliptic measured from the first point of Aries, 


Let w be the obliquity of the ecliptic and R.A, the right ascension 





* ‘Three more can be deduced similarly, namely, 
(e) sin cain b sin C 
(er) sin a tan c cot C 
f (ri) tan a*cos C tan b. 
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corresponding to the longitude L and 5, the corresponding declina- 
tion. The Indian form of the equation is 


*R sin R.A. = R sin Lx R sinw , were R is the radius of the 
KR cos 6 


sphere. 


Note.—If R be the radius of the circle of reference, the Indian 
trigonometrical functions for the are 6, are (1) the ‘sine,’ (2) the 
‘cosine’ and (3) the ‘versed sine.” They are respectively equal 
to R sin 0, R cos 6 and R vers ô. 


p 


In the adjoining figure, O is 
the centre of the armillary sphere, 
YQ. yC are quadrants of the 
equator and the ecliptic, respec- 
tively. P is the celestial pole, 
PCQ the summer solstitial colure. 
Join Oy, OQ, OP and OC. 

Let 48 be —!, yM=R.A., CQ 
= 4 SyM = u, SM=4, 

Join OS, OM. PSM is the 
secondary to the equator. 





From C draw CK perpendicular to OQ. From S draw Sm and 
Sn perpendicular to OM and Oy, respectively. Join mn and from 
M draw MN perpendicular to Oy. 

Then the triangles Smn and CKO are similar. They are called 
' Krünti-ksetras't or declination triangles—similar right-angled 
triangles having one acute angle =w. 


,. Bm: Sn=CK: OC 
or R sin’: Rsinl=Rsinw : R 


R sinl. R sin w — 


"ho^ R sin 6= R 





* Aryobhatiya, Gola, 25. Varüha-Mihira in the Pañcasriddhħāntikā (IV, 92) 
v Sin? |) — R* Sin? à 
atates it in the form on Se eee =R sin R.A., which is evident from 
the figure. Brahmagupta's equation is identical with that of Aryabha(s. B. 8, III, 
15, Süryariddhàánta, ITI, 40.41. Also Bháakara IT, Grahagenite, Ch. VIII, St. 54-55 
is in agreement with Var&ha-Mihira'a form. 


{ Bhlskara, IT, Golddhyays, VIII, 43-44. 
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Greek Method : 
In the same figure * let PSC be the triangle and yMQ be the 
transversal. Then Menelaus's theorem gives 


sin PM - sin Sy , Sin CQ zu] 
sin MB sinyC  sinQP 





ET is EE l zin — 
or sin 6=sin/. sin w. 
Hindu Method : — 
Again by the Hindu method from the same two similar triangles 
we get 


DF 





mn : nSzOK : OC 
or, mn : R sin l=R cosw : R 


R sin ! x R cos w 
R 


Again MN : mn=OM : Om 
K R sin R.A.: mn=R; R cos 6 


mn = 


; — R sin lx R cos v 
R sin R.A.= — . (2) 


Greek Method: 
Take! PQM for the triangle and SC for the transversal. Then, 


sin PO sin Qy sin MB _ 
sin CQ T sin yM sin SP : 





cos w 1 sin 6 
* sin w * sin R.A. cos 3 -l 
or sin R.A. —tan 8 cot w. 


The Hindu form of the equation is different from that of 
Ptolemy's. It is also better for the purpose of calculation. 


Note:—From the same two similar triangles we have 
On : ON=R cos 8 : R 


+, On= R cos l= R cos R.A. x R cos 6 Sos ae x R cos à 425; ^M) 








* Manitiua'a edition of the Syntaxis, Vol. T, pp. 51-53, 





APPENDIX II 177 


Again, tan R.A, =" 
on 
- R sin Ux R cos tu - (4) 
RxR cos ! Mr 


Again, mm : Sm=OK : KC 


or mn= Bain 6x R cos w 
R gin w 


. _MN ee: R sin 6= R cos w | 
R sin R.A.— — x mni = — Ka UN (5) 


Problem II.—The problem discussed above provides the method 
of finding the sidereal time-intervals in which the signs of the 
zodinc rise on the equator. To find the corresponding times at any 
latitude 9 it is necessary to calculate and apply what is the asceusional 
difference due to the elevation of the celestial pole. "This ascensional 
difference is called ‘carakdla" or the variation in the length of half 
the day. The ‘sine’ of this ‘carakdla’ is called *carajyád.' If ch 
denotes this ‘ carakàála,"' 


- R sin ¢ x Rein xR 
* = 
then,* R sin ch HL RI vexiboad) 


Just as in the solution of 
the previous problem, the decli- 
national triangles or "' Krünti 
kgetras’ were constructed and 
used, so in the solution of this 
and other problems, another 
set of similar triangles were 
conceived and constructed and 
were given the name, ‘ Akgsa- 
kgetras,” | 

Let NPZH be the meridian, 
NOH the north-south line pass- 
ing through the observer O, P the celestial pole, OQ the trace of the 
equator on the meridian plane, Z the zenith. Join OZ. From Q 





. A ryabhatiya, Gola, 96; Pafica-siddhdntika, IV, 34; Brihmasphutasiddhénta, 
II, 67-58; Sargneiddhanta, IT, 91; Grahagapita, VILI, 49-19. 

t Bhiskara, Colddhydye (Wilkinson and Bápudev Sástri'a tr.) pp. 173-70; also, 
Bháüskara, Grohaganifa, Ch. IX, 13-17, 
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draw QM perpendicular to OZ. Then the triangle QOM is an 
*Akga-keetra’ or a latitudinal right-angled triangle, as ZQOM=¢, 
the Intitude of the station. Another 'Akgakgetra' is thus conceived, 
in the same figure, let P, P’ be the north and south celestial poles, 
N the north point, ABA'B' the diurnal circle of a heavenly body 
with declination 6, NEHW the horizon, PEP'W the six o'clock 
circle. Here AA’ the line of intersection of the diurnal circle with 
the horizon is called the ''udayásta-sütra ''* * (or the thread joining 
the rising and setting points). SS‘ the line of intersection of the 
diurnal circle and the six o'clock circle, is the horizontal diameter of 
the diurnal circle. From S draw SK and SL perpendiculars res- 
pectively to AA' and EW, Join KL, 


Now since PN= », the latitude of the station, in the small right- 
angled triangle KLS, the Z KLS is also = 
.. SK: SL=QM : MO 
SK- SLxQM _ RsinóxHR sine 
MO R cos $ = 
Now SK! is a "sine" in the small circle ABA'B' of which 
the radius is R cos 4; this ‘‘sine’’ reduced to the equator (radius R) 
is the ‘sine’ of ‘cara.’ 
.". Resin ch= R sin EPA 


— Ksin$xH sin oxR 
R cos ¢ x R cos 8 


or 





Greek Method: 


Let | the nre PA be produced to meet the equator at C, Take 
PC for the triangle and EAN for the transversal. Then we get, 


sin PA , sin CE , sin Q'N _, 
sin AC sin EQ’ sin NP 








cos 4 x sin CE x cos 9 =æ Í 








of nin à 1 sin $ 
n CR= a XEmS 
* sin CE sin ch eor eoxon d 





* Bbhiskara, Gola, VIT, 39. 

+ ‘This is called by the name ' kujpá* or * kqitijyd,' £e, earthesine,  Aryabhata, 
Gola, 26, Brahmagupta, IT, 57, Sárgasiddhünta, IT, OL, ete. 

t Manitius, ibid, p. St. 
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Note.—The porpendicular distance between AA‘ and EW is called 
the ‘sine’ of the amplitude or the ‘Agri’ which is thus calculated :— 


KL : LS=Q0 : OM 
* R sin amplitude = 'Agrá' — KL 


_ LS x QO 
OM 


— RsinĝxR 
R cos $ 


It is now evident that the Hindu method is different from 
the Greek method in this case also. As the triangle KLS is 
difficult to show in the diagram, it is shown in its projection on the 
meridian plane in Burgess'a translation of the "Sürya-siddhünta,'' 
(page 232) and also in Wilkinson and Büpudev Sastri's translation of 
the ‘Siddhinta Siromani,’ p. 175. This has led Braunmühl to 
assume that the Hindu method of arriving at the equation of 
ascensional difference and some other equations of spherical 
Astronomy has its origin in the Analemma of Ptolemy. A careful 
study, however, does not justify the identification of Hindu methods 
with the graphic method of the Analemma, which is deduced from the 
projections of the position of a heavenly body on the meridian prime 
vertical and the horizon. It is being presently shown that what was 
done out of difficulty in drawing the figures properly has been taken 
by Braunmühl as à Greek connection. 


!Problem  I1I.—To find the *'time-altitude'' equation by the 
Hindu method, 

If from any point S on the diurnal circle a perpendicular be 
drawn to the Udaydsta-Siitra spoken of before, this perpendicular 
is called the cheda or *istahrti.' The perpendicular from S on the 
horizon is called ‘Saiku,"{ the sine of the altitude. The line joining 
the foot of the ‘Sanku’ and that of the perpendicular on the 
'Udayásta-Sütra' goes by the name of 'Sankutala* and this Sankutala 
lies to the south of the "Udaydsta-Sitra’ during the day. 


————ÓÁÀ€ 

* Aryabhata, Gola, 30, e 

+ Aryabha(s could not arrive at the true equation. Cf. Gola, 28. The correct 
rules occor in Patcagiddhántikà, IV, 42-44; Brühmaasphütasiddhánto, III, 38-36, 26-40 : 
Siiryasiddhdnta, III, 34-35. 

1 Bbüskara saya—QWwrMIW 4: STE: (CTS gza ni) wwfag Cola, 
NIL, 39-41. Aryabhata noes the term mT, Gola, 29. 
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In this figure if AA’ be the 'Udayásta-Sütra' or the intersection 
of the diurnal circle and the 
horizon, and S a point on 
the diurnal circle denoting a 
position of the sun, SK, SL 
perpendiculars on AA’ and 
the horizon respectively; SL 
is called the 'Sanku,' SK 
the ‘cheda’ and LK the 
‘Sankutala.’ In this triangle 
KSL, the angle KSL was 
recognised to be the latitude 
of the station. 

Thus the triangle SKL is 
not taken in its projection on the meridian plane. The side SK is 
taken as formed of two parts. Let CC! be the line of intersection 
of the diurnal circle and the ‘Six o'clock' circle EPW. Let SK cut 
CC'in M. Then, 





SK-—S85M--MK 

Here SM, the ‘sine’ in the diurnal circle of the complement of 
the hour angle is given a distinct name 'Kalá'* and MK as explained 
before is known by the name ‘Kujya,’ This ‘Kala’ is constructed 
from the point S in the diurnal circle. "Thus the triangles like SKL 
were not taken in their projections on the meridian plane as 
Braunmühl would suggest. 

From the triangle KSK, we get, 


‘Cheda’ : ‘Sakku’=R : R cos $, wheres ¢ is the latitude of the 
observer; | 
‘Sanku’ is here=R cos Z, Z being the Sun's zenith distance, 
S.S ‘Cheda’ = R cos Zx R 
K cos $ 
Now 'Cheda' radius of the diurnal cirole-- 'Kujyá' —versed sine 
of the hour-angle in the diurnal circle 1 O'B + O'V - BH, 


=R cos $+ sin 5xR sin e, R vors Hx R cos 5 
R cos 9 m a 
Mad eee ee dins E Les ees 


* Bbiskara’s Grahaganita, VITI, 55. 
} O° is the middle point of OO’ or it in the centre of the diurnal circle ABB’. 
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R sin 5 x R sin $ 


(As in the previous problem, Kujya=SK= R cos ¢ 


R cos Zx R_ Rosé R sin 5x R sing, E  _y» vers H 
ors —R oos € 3b Y {ns R cos ọ * R cos à d 





The above equation simplified becomes 
cos Z=ain 8 sin ¢+ cos 8 cos $ cos H. 


In this connection we consider the altazimuth equation by the 
Hindu method. 


*Problem IV.—The Altazimuth Equation :— 


Let a denote the azimuth of the sun from the south. In the 
same triangle SKL in the same figure, we have, 


LK : SL=R sin $ : R cos ¢, 
or, 'Sankutala' : ‘Sahku’=Resin 9 : R cos 9 


! Sankutala ‘= R cos Zx R sin @ z 
R cos ọ 
Now ‘Sankutala’ is made up of two parts, namely ' Báhu ' and 
‘Agra,’ of which the former is the distance of L from the observer's 
East-West line; the ‘ Agrá ' bas been already found. 


Here ' Bahu "= Bain 5x5 oos, and 
R sin 6x R 


Agra — 


.. ‘Sankutala'=‘ Bühu ' +* Agra’ 


R cos ZxT sine _ R sin Zx R cos o , R sin ôx R 
R cos $ R R cos $ 


oT, 


— Roose ( Roo Zx Reine A Bin FB oi) 
or, R sin 8 R — E i 
which is easily seen to be equivalent to 
sin 6=cos Z sin à —sin Z cos $ cos a. 


* The equivalent of this, in a particular case, is first found in Brühmasphüta- 
siddhanta, Ch. ITI, 54-56. Cf, Séryasiddhanta, IIT, 28-31, also Bhüakara, Grahaganita, 
IX, 50-52. 
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Greek Method: 


Ptolemy * has also a method of finding the Sun's altitude at any 
hour of the day. His method is as follows :— 


() He would find by means of his tables for the times of 
risings of the signs of the zodiac, the orient ecliptic point. (ii) He 
would then find the culminating point of the ecliptic. (ii) He 
would finally apply Menelaus's theorem in spherics thus :— 


Let ASC be any position of the ecliptic, NZC the meridian, 
c z NAMH the horizon, Z the 
zenith and S, the Sun. Hare 
the celestial longitudes of C, 
S and A are taken to be 
known; hence ZC and CH are 

also known. 


N Now take ZCS for the 
triangle and HMA to be the 
transversal; we then have by 
Menelaus's theorem, 
sin ZH „sin CA , sin SM _ 
sin HC sin AS sin MZ 





cos CZ x sin AS 


or; sın SM z= ain e A + 


Tt is thus clear that Ptolemy had no direct method for connecting 
the Sun's altitude and the hour-angle. This method is workable 
for the problem ‘‘given time find the altitude '' but is not workable 
in the converse problem; besides, the calculation of the longitudes 
of A and C is very cumbrous. 

Again, when EA has been found out, taking ZHM for the triangle 
and CSA for the transversal, we get, 

sin a x sia M3 x sin Ze =], whence AM and thence 
HM, the azimuth can be found. The method is bere also cumbrous, 
there being no direct connection between altitude and azimuth ; 
besides the time-element is not avoided. 


MENU — — — — — — — ——nÉh 0ew»w — 


* Manitius, ibid, pp. 118-19. 
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4. The Analemma of Plolemy and the Hindu Method. 

When the Sun's declination is zero and his hour-angle is H, 
Zeuthen * following the method of the ‘Analemma’ of Ptolemy, 
as explained by Braünmuhl,! has deduced the following equations : 

(1) cos Z- cos H cos $ 


tan H 





(2) tan a = sin $ " 
To these two Heath following Braunmühl, adds 
(8) tan ZQ= 0 HI, 
COs $ 


where Z is the zenith and Q is the point of intersection of the prime 
vertical and its secondary passing through the Sun and the north- 
south points, 

Zeuthen § points out that later in the same treatise Ptolemy finds 
the arc 28 described above the horizon by a star of given declina- 
tion 4, by a procedure equivalent to the formula, 

(4) cos B —tan & tan 9. 

With regard to the ‘Analemma’ of Ptolemy, it may be noted, 
as Heath|| says, that ''the procedure amounts to a method of 
graphically constructing the ares required as parts of an auxiliary 
circle in one plane," Many things may be, in practice, done 
graphically far more easily than by the theoretical method. Besides, 
no theoretical calculations occur in the ‘Analemma’. Zeuthen, || 
following the method of this work, has deduced in the general case, 
the two equations 

(5) teos Z-—(cos 8 cos H + sin 6 tan ¢) cos ¢. 





cos 6 sin H 
(6 tan a= sin 8 
— + (cos 8 cos H + sin 6 tan $) dne. 
caso” 


* Heath, Greek Mathematios, Vol. TI, pp. 290-91. 
Zeuthen, Bibliothees Mathematica, 1,, 1900, pp. 23-97. 
* Braunmühl, ibid, pp, 12-13. 
B sia sin H x - 





Dhiskara’s, Golàdhyáya, Com. on VIII, 67, 
$ & j| Bjornbo, loc. cit., p. B8. 
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These equations are suggested to a modern render from a study 
of the figures in the ‘Analemma.” But neither in this work 
nor in the ‘Syntaxis ‘are they to be found. With regard to 
the first four formule it is possible that they were recognised 
by Ptolemy. With regard to the last two, Zeuthen * remarks 
"maisle texte nen contient rien;" and they were certainly not 
recognised by Ptolemy. 


Besides the tangent function is wholly absent in Greek trigono- 
metry. They are also different in form from those arrived at by 
the Hindu method as explained before, Thus, it is clear that the 
Hindu methods are in no way connected with the method of the 
' Analemmna.' 


Even taking for granted that the Hindus followed a method of 
projection much allied to the method of the ' Analemmna,' there is no 
adequate reason for assuming that their method is derived from any 
Greek source. Analogy and precedence do not necessarily constitute 
originality—tbhere is still the chance of a remoter origin from which 
both the systems drew their inspiration. The method of the 
‘Analemma,’ as has been already stated, presents a graphical method 
for constructing the sun's altitude and azimuth from the hour-angle 
when the Sun's declination is zero—but such a graphical method 
is nowhere to be met with in the Hindu Astronomy; besides 
it is generally complex as compared with the elegant Hindu 
method. An astronomer who constructs and uses an armillary 
sphere to arrive at his equations in spherical astronomy 
and who has not a well-developed spherical astronomy at his 
command must have to draw perpendiculars from the positions of 
the heavenly body, not only on the meridian plane, the horizon or 
on the prime vertical, as the occasion arises, but also on the line of 
intersection of the diurnal circle with the horizon. Hence Braün- 
muhl’s statement! that the Hindu methods of spherical astronomy 
bave their origin in the 'Analemmn,' in spite of his admitting that 
Indians were first to utilise its methods, is rather far-fetched and 
tends to take away the honour from the great Indian astronomers, 
who devised the beautiful Hindu methods.] The *‘ Analemma’ 
as it now exists is a Latin translation from an Arabic version of 


Á 


Zeuthen, loe, ĉit., p- 27. 
Braunmibl, ibid. Heath, ibid. 
t Heath, ibid, p. 287. 
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the original Greek.* We may reasonably doubt that the Arabic 
version was greatly influenced by the Hindu system. 


We now pass on to tho consideration of other allied or similar 
problems in the two systems of astronomy. 


Problem V.—To find the angle between the ecliptic and the 
meridian. 


{Hindu Method: 

Let ySA be the ecliptic, yCE the equator, E the east-point of 
the orizon, Cut off SH=90° 
and draw the great circle 
HEAP’ cutting the meridian 
P'SCH at the points P' and 
H, The asim is to find AP’, 
but it is enough to find EA 
since AP' is the complement 
of EA', 

Both Aryabhata and Brah- 
magupta were unable to find 
EA correctly. Let P be the 
celestial pole and let PAE! be 
the secondary to the equator 
sutting it at E’. ‘Both the 
above astronomers were content with the idea that AR —AE’, or that 
AE=the declination of the point A of the ecliptic which is 90° ahead 
of S in the above figure. This idea continued till the time of 
Bhiskara II (1150 A.D.) who found out the correct equation. 

He recognised that CS, the declination of S—PP'; PEH is 
then the horizon of the station whose north geographical latitude 
is CS. Also, the ‘sine’ of EA is the ‘Agri’ or the sine of the 
amplitude of the point A for the latitude C8. 





1 _ Rain AE'xR 
Ce Sein BA — Os 
R sin (90° +78) x R sin o 2 R 

R R cos CS 





* On the influence of the Hindus on Arab mathematics and astronomy ; see 
Alberuni'a India, tr. by Dr. E. Sachan, Vol. IT, p. 304, 
t Arysbhata, Gola, 45; Brühmasphüfasiddhünta, IV, 17; Süryasiddhàánta, IV, 
25; Bháskara's Golàdhydya, VITI, 21-74, first example in hia own commentary. 
24 
= 
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Or R sin EA- P!" sin(90*-7)xRHR sin w 


R cos à 
where / stands for 7S and 4 for OS. 
Greek Method: 
We give below the Ptolemy's method in a slightly modified form.* 
Let SHA be the triangle and yCE be the transversal; then we have: 
sin SC , sin HE , sin Ay 4 


sin CH sin EA sin yS 


Qe inè, sin 90° sin (90° 1), 


cosó sin EA sin I 
sin EA 5n 8x sin (90° +1) 


cos 6x sin /, 
which is readily transformed into Bhiskara’s equation. 


The criginality of Bhiskara would be readily admitted. 


Problem  VI,—To find the angle between the ecliptic and 
the horizon, 
Hindu Method: 

(A) Aryabhata’s methgd.—lIt consists of the following steps :—t 

(1) Determination of the orient point of ecliptic. 

(2) Finding the sine of its amplitude, 

(3) Determination of the culminating point of the ecliptic from 
the hour-angle of the Sun. 

(4) Finding the declination of the culminating point of the ecliptic. 

Having obtained the above elements his rule can be followed thus: 
In this figure NPZH is the 
meridian, HMEAN the horizon, 
CN'A the ecliptic. If N’ be 
the nonagesimal or the highest 
point of the ecliptic, the nlti- 
tude of N'is the inclination of 
the ecliptic to the horizon. 

Let ZN'M be the vertical ` 
through N’, meeting the horizon 
as M. 
the longitudes of A and C can be found out, from which CZ the 








© Manitius, ihid, Book I, pp. 104-06, 
fo Aryabbsta, Golo, 93; Süryasiddhànta, V. 5-6. 
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zenith distance of C and EA the amplitude of the orient ecliptic 
point can be determined. 
Here HM — EA. 
According to Ary abhata, 
R sin CN’= K sin xe K sin HM 


and R sin ZN'— y (Ñ sin CZ)? —(K sin CN)? * 
This is only an approximate rule, As expressed here, 
R sin CZ x R cos HM 
R 
Dm sin CZ x R cos HM xR 
RxR cos CN’ 


= R sin CZ x R cos HM | 


— — IE un EE SUO 0 


R cos CN’ 


(B) The method of Brahmagupta : ! 

Brahmagupta would also first determine the orient ecliptic 
point A. Then he subtracts 90° from the longitude of A. Thus 
having the longiitude of N', he next finds the part of the day elapsed 
of N’; from which by the time-altitude equation discussed above, he 
finds ZN’. This is of course more accurate than that of Aryabhata. 
Bhiskara f here follows Brahmagupta. 


Greek Method: 

Let the ecliptic CN'A cut the lower half of the meridian at 
F., Ptolemy takes AK along the ecliptic —90* and AR along the 
horizon 90^; then the great circle passing through R and K passes 
through the nadir Z'. Now take Z'FK for the triangle and ANR 
for the transversal, then by Menelaus” theorem. 
sin FN ,. sin Z'R |, sin KA 
sin NZ/ sin RK sin AF 
sin FN _ eos FZ/ _ cos CZ. sin CH 
sin AF sin AC sin AC sin AC > 


R sin ZN'= approximately 


accurately 








=1 





,. sin RK= 














Or sin MN’ = = 


* This correction waa perhaps first noticed by Rabganátba (1600 A.D.) in his 
commentary on the Sirgasiddhdnta, 

t Hráhmasphütasiddhánta, V, 3. 

$ GOrahagamita, XII, 3-4, f Manitius, ibid, pp. 110-11. 
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Here Ptolemy's equation is simpler than that of Aryabhata; 
hence they must be independent of each other. 


Problem VIT,—To find the angle made by the vertical through 
any point of the ecliptic with the latter. 


This problem is considered by Ptolemy but it is not considered 
separately in Hindu Astronomy, but from the rule for parallax in 
longitude, the rule for its calculation can be deduced. 


Hindu Rule: 

In the adjoining figure S represents the true position of Sun 
and Sf the Sun's position as 
depressed by parallax. N'SA 
is the ecliptic. If from  S8', 
S'Q be drawn perpendicular 
to the ecliptic, then, if P 
is the horizontal parallax, 


KR cos S'SQ 
— d e—a — — — —— 
SQ-—SS'x R 








= PxRsin ZS „ ReosS'8Q 
H R 


y E y (R sin Z8)? — R(sin ZN’)? 


- Ls x R sin N'S x R cos ZN', where N' is the nonagesimal. 


Thus R cos S'SQ is seen to be 


2 R sin N'S x R cos ZN’ 
R sin ZS à 


The Hindu method ia fully described by Bhiskara in his 
'Goládhyáya, VIII, 12.25. The truth of the Hindu rule for 
R cos S'SQ is easily seen from the spherical triangle + ZS, where 
= is the pole of the ecliptic. 

CSA CENE ee Eee s ice 

* Kryabhata, Gola, 34; Pafcasiddhantika, IX, 92; Brühmasphütartddhánta, 

t Brühmasphüfasiddhánta, V, 4-5; Süryasiddhánta, V, 7-B ; DbMskara, Graha- 


iy j 


— e > 
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Greek Method : 


* Ptolemy takes SK and SL-90* each, along the vertical circle 
ZSEK and the ecliptic N'SA. The great circle through K and L 
cuts the horizon at R which is the pole of the vertical circle. * He 
takes SKL for the triangle and EAR for the transversal, then 

sin SE sin KR sin LA 


im EK ^ amLR  snAS zi. 





or in LR= ©0828 cos AS 
eu sin ZS x sin AS 
or cos 5'SQ=cot ZS x cot AS—tan SE cot AS. 


The Hindu and the Greek rules are altogether different both 
in form and method. There can, therefore, be no question of any 
connection between them. 


Problem VIII,—To convert the celestial longitude of a heavenly 
body into its polar longitude. 

If o be the position of a star, yK and cK are the celestial 
longitude and the celestial lati- 
tude respectively; yM and «M 
are the polar longitude and 
polar latitude; yN and cV 
fre the right ascension and 
declination of the star. 


Hindu Method: 

All Indian astronomers at- 
tempt at finding MK which, 
subtracted from, or added to, 
yK the celestial longitude, gives yM the polar longitude. 


According to Aryabhata, t 


_ TKR vers yK xR si 
MK- Ri ——, 





Brahmagupta f makes a distinct improvement on Aryabbata 
and gives his rule for finding the projection MK on the celestial 
equator, 





* Manitios, id, p. 119, 


t Áryabhata, Gola, 36. 
$ Bràhmasphutaciddhánta, X, 17. 
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If P be the celestial pole, PKH the secondary to the equator, 
Brahmagupta says that, 


NH- oK x R sin (yK 4 90?) x R sin o 
R je een "m 
If from oc, «E. is drawn perpendicular to PKH, it is evident that, 


R sin oR= Rein oR eS sia cKR > 
According to Aryabhata and Brahmagupta, as explained before, 


RenckR= EtoQETUU XR, 


Hence Brahmagupta intends that, 


NH-ceR-— ok x R sin cKR 
R 
which is rather a big assumption. He then directs the finding 
of the part of the ecliptic of which «H or NH is the projection on 
the equator thus approximately to MK. 


Áryabhata, Brahmagupta * and the modern Süryasiddhánta take 
the declination oN=cK+KH where cK is small. They do not 
consider the case where cK is large. 


Bhiskara alone gives us fairly correct rules for this transforma- 
tion of co-ordinates. 


In order to find oN, he would multiply 


oK by Roo ext ; according to him, 


oNm TEXB cos cKP +KH.t 


This is a decided improvement on Brahmagupta’s corresponding 
rule, "The declination «N obtained would be very nearly accurate. 

Having obtained oN, Bhiskara ! then directs the finding of NH, 
thus, 


woe 7K R sin cKP 
NH. R cos oN E 





* Brühmasphüfasiddhünta, X, 15 ; Büryasiddhánta, 11, 55. 
t Bháskara, Grahagayita, XILI, 3. 
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He then directs the finding of MK on the ecliptic of which NH 
i» the projection by means of the times of rising of the signs of the 
zodiac on the equator, 


Thus, the Hindu methods show a beginning and development 
only. The Greek method as given by Ptolemy is mathematically 
accurate. 

*Greck Method: 


To transform the celestial longitude nnd celestial latitude to right 
ascension and declination. 

Let the great circle z*K meet the equator at A. Ptolemy 
would then form the given value of yK find yA and AK by using 
his tables for the rising of signs of the zodiac on the equator, 
He then takes «Po for the triangle and yN AQ for the transversal. 
The Menelaus' Equation, then, is 


sin zQ ,S8in PN. sin ró T 


sin QP ^ sin Ne sin Az 








Here z2Q—90*? +w, QP—90?*, PN z00*5, cA=eK+KaAa. 72290? 
* Ko, whence No is obtained. 
He next takes PNQ for the triangle and zeA for the transversal, 
D sin Pz sin QA . sin Ne Y 
sin 7Q sin AN sin «P 
Here Pr=w, :Q:z 00? tuwu, QA =90° —y 4. 








Hence the above equation gives him AN, Now, yN— y —zN. 

It is almost needless to say that neither in the method nor in 
the rules is there any agreement between the Hindu and Greek 
spherical astronomy in the solution of this problem. 


Mr. Kaye's view :1 

As to Mr. Kaye, it appears that he has not been able to find a 
method in the translation of the Süryasiddhüán!a by Burgess. The 
figures of bis paper referred to before do not show the ‘' Alvsa- 
kactras*’ even in their projections on the meridian place. He 
refers to Braunmübl's History of Trigonometry but does not appear 
to have been able to follow him in his ''Methode der indischen 
Trigoncmetrie,"" Kaye however is not slow in belittling Hindu 
trigonometry when he says:—*' The Indian astronomers employed 


— — 





e [bid, XIM, å. 
t Manitius, ibid, Vol. Il. Achtas Buch, pp. 24-85, 
$ J.A.8.B., N.S., XV, P. 154. 
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the sine function principally and the versed sine occasionally; they 
never employed the tangent function; and generally, but not always, 
preferred to employ the sine of the complementary angle rather than 
the cosine functions. '' 


It is evident that Kaye never understood the meaning of the 
Indian functions of 'sine' and 'cosine.' "These functions are fully 
explained by Bhüskara * when he says:— 


“aa fus WDEHXTUD ua** urne | 
aeaa aa areifeen a ”’ 


In the adjoining figure, of the are AP,, P,M, is the ''sine '' 
and P,N, is the “cosine ;"’ 
of AP}, P.Mes is the ''sine'" 
and P4N5 is the ''cosine;'' of 
AP... P,M, is the ''sine'' and 
PN. is the ''cosine;'' etc. It 
is evident that a better defini- 
tion of these functions was 
never given. 

Kaye's motive is clear: his 
chief aim is to show the, Greek 
connection in everything Indian, 
No doubt, he bas shown great 
ingenuity in this direction. 
Instances might be multiplied but the scope of this paper would not 
permit this. 





5, Conclusion. 


We have now come to the end of the present paper. Wo have 
seen that some of the solutions of Aryabhatn are imperfect, of 
Brahmagupta the solutions are more accurate, while those of 
Bhiskara are generally mathematically correct. The date of the 
scientific Hindu Astronomy is indeed 499 A.D., while that of 
the Syntaxis is about 150 A.D. It is by these shortcomings 
and differences in the methods, new ideas (¢.g., the idea of the 





* Bbhaskara, Grahaganite, II, 58-21, Commentary. The passage may be trans. 
lated thus :'' Of that point the distance from the east-west lino ia the “sine” and 
the distance of tbe point from the north-south line is the “cosine.” 
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differential calculus) * and the like, that we can safely say that 
Hindu Astronomy in its scientific form, although of a later date 
than the ''Syntaxis'" of Ptolemy, is original and not borrowed 
from foreign source.t There is evidence that some crude form 
of Greek astronomy was transmitted to India and went by the 
name of the ''Romaka'' or the ''Paulióa'' Siddhünta, prior 
to the time of Aryabhata but our great Indian astronomers, 
Aryabhata with his pupils, Variha-Mihira and Brahmagupta, had to 
construct a new science altogether. 





* P. O. Sengupta, History of the Infinitesimal Calculus in Ancient and 
Medieval India in the "Jahresbericht D, Math- Vereinigung '' published in Feb., 1931, 
4 The entire set of Hindu aatronomical constants ia also different from that 
in the Greek ayatem. Vide the present writer's paper, '' Aryabhata™ (pp. 39, 43), 
Journal of the Department of Letters, Vol. XVII, Caleutta University Prosa. 





APPENDIX III 
Hindu Epicyclie Theory 


An attempt is made here to describe the ideas of planetary 
motion which the Hindu astronomers had as to the motion of 
"planets'' or wandering bodies among the stars. The earliest 
system of Hindu astronomy of which we have a definite account 
is the Jyotiga Vedáhga, dating from about 1400 B.C. In this system 
there is nothing of a clear conception of planetary motion. It was a 
simple luni-solar system of calendar making for fixing the times for 
the performance of Vedic sacrifices. The real scientific Hindu 
astronomy dates from the time of Aryabhata I (born 476 A.D.), who 
must now be regarded as its sole originator.* The foreign systems 
of astronomy that had come to India before his time, were 
undoubtedly the Romaka and the Pauliéa Siddhdntas of the Pafica- 
siddhüntikà, 

The Romaka Siddhünta was no doubt the transmitted Greek 
astronomy and the Paulifa and perhaps also the Vasistha Siddhünta 
as summarised in the Pafcasiddhdntikd were probably of Babylonian 
origin. Ltiadeva, the expounder of the Romaka and the Pauliéa 
Siddhantas, it has now been established, was one of the first batch of 
pupils of Aryabhata I. According to Alberuni, the Süryasiddhünta 
which is admittedly of Asura (or Babylonian) origin, was composed 
by Lütadeva.! The Süryasiddhünta as given in Variba’s work was 
probably a recast of an older work by Variba himself, based on the 
teachings of Aryabhatsa. Whether Alberuni be right or wrong, 
Lütadeva got the appellation of wéfewregs, i.c., teacher of all the 
systems of siddhántas. It is now definitely known that Aryabhata I 
was the teacher of the famous array of Indian astronomers, vis., 
Niééanku, Litadeva, Pündurengasvami, Bhiskara I and of others 
of lesser fame. 





.* P. C. Bengupta, Aryabhate the Father of Indian Epicyelie Astronomy, 
Caloutta University Journal of the Department sf Lettera, Vol. XVIII. 
4 Alberunis Indis, Vol. I, Ch. XIV, p.t Translated by Bachau. 
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The transmitted Greek astronomy in the shape of the Romaka 
Siddhdnta had no trace of the epicyclic construction for planetary 
motion as we find ia Ptolemy's Syntaxis.* A comparison of the 
astronomical constants of the Greek and the Hindu systems, points 
unmistakably to the conclusion that the Hindu constants as deter- 
mined by Aryabhata L and his successors, are almost in all cases 
different from those of the Greeks. In respect to the elements 
therefore the originality of the Hindu astronomers will be admitted 
on all hands. As regards the originality of doctrine, materials 
available at present makes it impossible for us to ascertain what part 
ofthe doctrine also belongs to the Hindu astronomers. In the 
present paper we shall rely mainly on Aryabhata I. 

Apparent Motions of the Sun and Moon,—Aryabhata says, ''All 
planets move in eccentrics to their orbits at the mean rates of angular 
motion, in the direction of the signs of the zodiac from their apogeea 
(or aphelia) and in the opposite directions from their fighroccas.”” 

_"*The eccentric circles of planets are equal to their concentrics, and 
the centre of the eccentric is removed from the centre of the earth.” 

“The distance between the centre of the earth and the centre of 
the eccentric is equal to the radius of the planet's epicycle; on the 
circumference (whether of the epicyele or of the eccentric) the 
planet undoubtedly moves with the mean motion. ''t 

Here the central idea was that there was no doubt that the 
planets moved uniformly in circles round the earth, if the motion 
appeared to be variable, it was due to the fact that the centres of 
such circle (i.¢., the eccentric circles) did not coincide with the 
centre of the earth. 

Let E represent the centre of the carth, APM the sun's circular 
orbit or concentric; let A and P be the 


apogee and the perigee respectively, From 

EA, cut off EC equal to the radius of the à 
sun's epicycle. With centre © and radius ẹ 

equal to EA describe the eccentric A'P'S Vig 
cutting AP and AP produced at P' and A’, MORS 

Here A' and P' are the real apogee and 


periges of the sun's orbit. Let PM and P'S be any two equal 
arcs measured from P and P". | 





* P.C. Sengupts, Ktyabbaja, already velar sed to. | 
+ Kálakriyd, 17-19. Cl. Brühmasphuta-riddhünta, XIV, 10-12; Bhåskara II, 
Golddhyáya, V, 1, 10-32, Ex 
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The ides is that the mean planet M and the apparent sun 8 
move simultaneously from P and P" in the counterclockwise direction 
along the concentric and the eccentric circles respectively. "They 


move with the same angular motion and arrive simultaneously at 
M and 8. 


Here EM and OS are parallel and equal, hence MS is also equal 
and parallel to EC. Let SH be drawn perpendicular to EM. 


The angle PEM is the mean anomaly and the angle P/ES the 
true anomaly; the angle SEM is the equation of the centre, is 
readily seen to be + from I"to A’ and — from A'to P. Thus 
as regards the character of the equation, the eccentric circle is 
quite right. We now turn to examine how far it is true as to the 
amount, 


Let the angle SEM be denoted by E and the angle Z PEM 
= ZP/CS=80; EP-CP'—a; EC-MS8S-y, then 





-SH _§ psiné6 
mam HE  a-—pcosó 


ð 4 
Ez P sin 0+ Ty sin 26+ E ain BO o vj 


Now the true value of E in elliptic motion is given by 


E= ( 2e— d) sin 6d e? sin 20+ 1027 sin SES ,.,. ese sis 


3 
If we now put P = 2e -4 , as a first approximation P z2c. 


Hence P. -26?, which is greater than 2e? by Je*. In the case 


of the sun if the value of p be correctly taken, the error in the 
co-efficient of the second term becomes +3/; similarly in the case 
of the moon the corresponding error becomes - 8, 


Again if E 2e, what is the centre of the eccentric circle is the 


empty focus of the ellipse, or that the ancient astronomors praetically 
took the planets to be moving with uniform angular motion round © 
the empty focus. This was not a bad approximation. 





* Godfrey's Astronomy, p. 149. 
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Also ES=r= EH approximately 
' e r-a(-P cos 6) 


but in elliptic motion, 
r=za(l—e cos 6).* 
Henco the error is not very considerable here also. 
This is the way in which the ancient astronomers, both Greek and 
Hindu, sought to explain the inequalities in the motion of the sun 
and the moon. In the case of the moon, these astronomers took the 


3 
co-efficient 2e — —- =300 nearly; the modern value of it is 377 


nearly. The reason for this has been pointed out already in 
appendix I, that the moon was observed correctly only at times of 
eclipses. At the eclipses or sygygies the evection term of the moon's 
equation diminishes (numerically) the principal elliptic term by 
about 76’. 

We have thus far explained the idea of planetary motion of the 
ancients under the eccentric circle construction. The same however 
is also explained under the epicyclic construction. 

Let AMP be the circular orbit of the sun, having E the centre of 
the earth for the centre. Let the 
diameter AEP be the apse line, 
A the apogee and P the perigee, 
Let M be the mean position of the 
sun in the orbit. With M as the 
centre describe the epicycle UNS. 
Let EM cut the epicycle at N and U. 
Now the construction for finding S 
the apparent sun is thus given :— 

Make ZUMS- 2ZMEA, the are US is measured clockwise 
whereas the arc A to M is measured counterclockwise. 

From this construction MS is parallel to EA, If EC be measured 
=MS the radius of the epicycle, along EA towards the apogee, then 
CS is a constant length and C is a fixed point. Hence the locus of 5 
is an equal circle with the centre at C. Thus both the eccentric, and 
the epicycle and the concentric combined, led to the same position 


and orbit for S.! 








*  Godíray's Astronomy, p. 149. 
4 Bbáskars II, Gola, V, 30-32, 
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It was thus usual to explain the planetary motion under both the 
assumed constructions; and both gave the same position for a planet. 
The eccentric circle construction appears to be the earlier in the 
history of astronomy and the latter was later. If the former 
construction can be traced to Apollonius of Perga who did so much 
to develop the ‘‘conic sections'" as a science, the reason why he 
preferred the eccentric circle to the ellipse, appears to be that either 
that this planetary construction was always deep-rooted in the minds 
of men or that he was carried by the idea that ''the circle was the 
most perfect curve.” We are inclined to the view that the eccentric 
circle idep was transmitted from Babylonia to Greece. We now 
pass on to consider the Hindu construction for the position of 
superior and inferior planets. 


Superior Planets, — With regard to the five planets, Mercury, 
Venus, Mars, Jupiter and Saturn, the Hindu astronomers give only 
one construction for finding the apparent geocentric position. Each 
of these ''star planets" is conceived as having twofold planetary 
inequalities: (i) the inequality of npsis, (i) the inequality of the 
Sighra. With regard to the superior planets, the $ighra epogee or 
the dighrocea coincided with the mean position of the sun. As 
Varihamibira observes, ‘‘of the other planets beginning with Mars 
the sun is the so-called gighra.* 


Let AMSP be the concentric of which the centre E is the same 
as that of the earth; A’M,P’ 
the eccentric cirele of apsis of a 
superior planet, of which the 
centre is C; A, M, 8, P be 
respectively the apogee, the mean 
planet, the direction of the 
sighra, and the perigee in the 
concentric ; A’, My, P’ be the 
apogee, the planet as corrected 
by the equation of apsis, P' the 
perigee in the eccentric. The arc 
AM=arc A'M; ; MM, is parallel 
and equal to EO. As used before both the concentric and the 
eccentric are of the same radius. 





* Poncasiddhüntikà, XVII, 1. 
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Here the mean planet M in the concentric is taken to be deflected 
to M, due to the true motion in the eccentric circle. Join EM, 
cutting the concentric at Mg. Now let ES be joined and let 8’ be 
taken along ES, such that r 


ES’ _ fighra periphery of the planet in degrees 
ES . . 800 


Sun's mean distance from the earth'* 


Planet's mean distance from the sun or the — 


ES thus determined is called the radius of the fighra epicycle of the 
superior planet. 


With S/ as the centre and radius equal to ES or EA, describe 
another circle which is called tho éighra eccentric cutting ES produced 
at S". Now measure the are S"M, in the eccentric 8M, in 
the concentric. The apparent superior planet is seen in the direction 
EM; from the earth. This is the construction used in Hindu 
astronomy for calculating the geocentric longitude of any star 
planet. 





It is evident in the case of a superior planet that the eccentric 
having S' for the centre and whose radius=EA=R the standard 
radius for any circular orbit, is the mean orbit of the planet and & 
the mean position of the sun. In other words in the case of a 
superior planet the éighra eccentric represents the mean orbit round 
the sun. If the parallelogram CES'C' be constructed, then an equal 
circle described with C' as the centre is the apparent eccentric orbit 
of the superior planet. 


In the actua! method of calculating the geocentric longitude of a 
‘star planet,’ there are four operations given, the first two of which ` 
have the effect of changing the are MA or rather the point A.+ The 
last two operations relate to the two displacements MM, and M,M,. 
We have here followed solely the construction by the eccentric 
circles; the same geocentric position of a superior planet could be 
equally well obtained by the epicyclic construction. In describing 
the construction for finding the position of an inferior planet we 
shall follow the epicyclic construction only. 








"^ pP. C, Sengupta, Translation of the Aryabhattye, Kalakriya, pp. 30-38, 
Journal of the Department of Letters, Vol. XVI. 
+ Translation proper, pp. 58-60, 
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Inferior Planeis, —Let E be the centre of the earth, AMS the 
orbit of a mean inferior planet or 
the mean sun. EA the direction of 
the apogeo of apsis and ES that of 
the dighra. The inequality of the 
apsis takes the mean geocentric 
planet from M to M,, such that 
MM, is parallel to EA. Let EM, 
be joined cutting the concentric at 
Mg; Mg is taken as the centre of 
the 4ighra epicycle or the real 

circular orbit in which the apparent planet moves. 

With M, as the centre and the radius of the inferior planets’ 4ighra 
epicycle as radius, describe the circle NVU which is here the Zighra 
epicycle or the real circular orbit. In it draw the radius MV parallel 
to ES: then VP is the geocentric position of the inferior planet. 

Here the first displacement MM, is due to the inequality of npsis 
and is for finding the position of Mg the centre of the real circular 
orbit. The idea was that the apparent planet moved in a circular 
orbit of which the centre was very near the mean position of the sun, 
the first operation in this construction was calculated to determine 
the centre of this so-called cireular orbit of an inferior planet, 

The éighra of an inferior planet moves round the earth at the 
same mean rate in which the inferior planet moves round the sun; 
bence the line ES in this figure is always parallel to the line joining 
the sun to the mean heliocentric inferior planet, and in our construc- 
tion it is parallel to M4V.* 

Such in brief is an outline of the Hindu idea of planetary motion 
as taught by Aryabbata I, Brahmagupta and Bhiskara II and others. 
In order to avoid complexity we have omitted the details. In our 
paper Áryabhata we have indicated how the twofold inequalities 
were separated in ease of a superior planet by the ancients. In the 
ease of inferior planets, the method perhaps was that of finding by 
observation when and where their eastern and western elongations 
from the mean position of the sun were equal. These were the real 
methods of the ancients and that there is no doubt tbat the Hindu 
astronomers followed the same methods in finding the elements of 
the orbits anew. E 
S —— — — — — — — — ——— —— — 

© P.O. Sengupta, Translation of the Aryabhafiya, Kalakriya, 17, pp. 35:30. 

+ ¢ P.C. Bengupta, Aryabhata, pp. 45-62. 
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